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PREFACE 



TO THE 



FOURTH EDITION 



In preparing a fourth edition of this work for publi- 
cation, I have found it necessary to introduce a good 
deal of new matter ; at the same time keeping as much 
as possible to the original plan of the first edition. 

The whole has been carefully revised, some chapters- 
partly re-written and a few more woodcuts added, with 
the hope of making the book more worthy of the 
favour with which it has been received here and 
abroad. 

G. H. 



65, Gbebn Stbeet, Fabk Lave; 
November, 1889. 



8'^328 



PEEI-ACE 



FIRST EDITION 



i 



I HAVE endeavoured in the foUovring pages to state^ 
briefly and clearly the main facta with which practi- ~ 
tionera and etudenta should be acquainted, in order to 
enable them to diagnose errors of refraction accu- 
rately, and to prescribe suitable glasses for their 
correction. 

Those who would do this with facihty can only I 
acquire the requisite amount of dexterity by prao-1 
tically working out a large number of cases of refrac- 
tion. No book, or even the knowledge gained by 
watching others who are thus employed, can take the 
place of this, the practical part of the subject. 

To many of my readers the chapter on Optics may 
appear unnecessary, I have added it for the benefit 
of those whose school education did not include this 
subject, since its elementary details so completely 
underlie the whole subject of refraction, that every 



r 



student should understand tliem thoroughly before 
passing on to the real subject in hand. 

I have found it necessary in several instances to 
repeat important matters, and this I have done to 
obviate the necessity of continual references to other 
parts of the book, as well as in some cases to impress 
the importance of the subject upon the student. 

The woodcuts are numerous in proportion to the 
size of the work, but I consider that they are a very 
great help to the thorough understanding of the 
subject. 

The old measurements have been purposely omitted 
in favour of the almost universally adopted metrical 
system. It is confusing to the learner to have to do 
with two distinct sets of measurements, and no pos- 
sible good can accrue from perpetuating the old system 
of feet and inches. 

At the end of the work I have given a list of those 
authors to whom I have been indebted for much 
valuable information ; and, in conclusion, I take this 
opportunity of thanking my numerous friends for their 
help and suggestions. 

G.H. 
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THE REFRACTION OF THE ETB 

If the luminous point be situated at f, then the 
diverging raya would be reflected as parallel to each 
other and to the axis. 

If the point is at the centre of the concavity of the 
mirror (c), the rays return along the same lines, bo 
that the point is its own image. 



If the point be at A the focus will be at a, and it 




I 



will be obvious that if the point be moved to a, its 
focna will be at a ; these two poiuta therefore, A and 
a, bear a reciprocal relation to each other and are 
called conjugate foci. 

If the luminous point is beyond the centre, its 
conjugate focus is between the principal focus and the 
centre. 

If the luminous point is between the principal focus 
and the centre, then its conjugate is beyond the 
centre ; ao that the nearer the luminous point ap- 
proaches the principal focus, the greater is the distance 
at which the reflected rays meet. 

If the point be nearer the mirror than r the principal 
—Jocus, the rays will be reflected as divergent and will 
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therefore never meet ; if, however, we continne these 
diverging raya backwards, they will unite at a point 
(h) behind the mirror; this point is called the virtual 



i 



/ocws, and an observer situated in the path of reflected 
raya will receive them as if they came from this point. 
Thns it follows that- 
Concave mirrors produce two kinds of images or 
none at all, according to the distance of the object, as 
may be seen by looking at oneself in a concave mirror ; 
at a certain distance one sees a small and inverted 
image, at a less distance the image is confused and 
disappears when at the focns ; still nearer, the image 
is erect and larger, being then a virtnat image. 



y a Convex Surface 

Parallel rays falling on snch a snrface become 
divergent, hence never meet, bnt if the diverging rays 
thns formed are carried backwards by lines, then an 
imaginary image is formed which is called negative, 
and at a point called the principal focun (p). 



6 TBE BGFBACTION OF THB BfB 

Foci of convex mirrors are virtual ; and the image, 
whatever the position of the object, is always virtaal, 
erect, and smaller than the object, 
Fio. 5, 




The radius of the mirror is double the principal focai 

Refraction 

Refraction hy a Plane Surface 

A ray of light passing through a transparent 
medium into another of a different density is refracted, 
unless the ray fall perpendicular to the surface 
separating the two media, when it continues its course 
without undergoing any refraction (Fig. 6, h k). 

A ray is called incident before passing into the 
second medium, emergent after it has penetrated it. 

A ray passing from a rarer to a denser medium is 
refracted towards the perpendicular ; as shown in Fig. 
6, the ray a b is refracted at B, towards the perpen- 
dicular 1' p. 

In passing from the denser to the rarer medium the 
ray is refracted from the perpendicular, b D is refracted 
at c from p p {Fig. 6) . 
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' KEFRAOTION 

ection accompaniea refraction, the ray di 
it the point of incidence into a refracted p 
d a reflected portion b e. 
amount of refraction is the same for any m 
same obliquity and is called the ind 

Fio. 6. 
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tion ; air is taken as the standard and is 
B index of refraction of water is 1'3, that o 
Thi3 diamond has almost the highest ref 

of any transparent substance and has an 
Taction of 2i. The cornea has an in 
tion of 1-3 and the lens 1-4. 

refractive power of a transparent suhst 
ways in proportion to its density, 
be sides of the medium are parallel, then a 
; those perpendicular to the surface whic 
rh without altering their course, are re 

as at H and c (Fig. H), and continue in th 
ion after passing through the medium, 
efore entering it. 
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8 THI EKFRACTIOS OF IHB ETE 

If the two sides of the refracting medinm are not 
parallel, aa in a pmin, the rays cannot be perpendicular 
to more than one surface at a time. 

Therefore every ray falling on a prism mnst ondergo 
refraction, and the deviation is always towards the 
base of the prism. 

The relative direction of the rays is onaltered 
(Fig. 7). 



Fio. 7. 




If D M (Fig. 8) be a ray falling on a prism (a b c) at 
M, it is bent towards the base of the prism, assuming 
the direction m n ; on emergence it is again bent at s, 
an observer placed e would receive the ray as if it 
came from k ; the angle k h d formed by the two lines 
at H is called the angle of deviation, and is abont half 
the size of the principal angle formed at a by the two 
sides of the prism. 

Sefraction by a Spherical Surface 
Parallel rays passing through such a surface separa- 
ting media of different density, do not continue 
parallel, but are refracted, so that they meet at a point 
called the principal focus. 

If parallel rays s, o, E, fall on A b, a spherical Burface 
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BEFUCTIOlt 

separating the media u and n of which m ia the 
denser, ray d, which strikes the surface of A b at right 
angles, passes through without refraction and is called 
theprincipal axin ; ray K will strike the surface at an 
angle and will therefore be refracted towards the 
perpendicular c j, meeting the ray d at P; bo also with 
ray E, and all rays parallel in medium m. The point 
F where these rays meet is the principal focus, and the 
distance between the principal focus and the curved 
surface ia spoken of as the principal focal distance. 




Rays proceeding from p will be parallel in M after 
passing through the refracting surface. Rays parallel 
in medium n will focus at /, which is called the 
anterior focus. 

Had the rays in medium M been more or less diver- 
gent, they would focus on the principal axis at a 
greater distance than the principal focus say at H, and 
conversely rays coming from h would focus at a, 
these two points are then conjtigate foci. 

When the divergent rays focus at a point on the 
axis twice the distance of theprincipal focus, then its 



I 



10 



THE BKFEACTION OP 1 



conjugate will be at an equal diatance on the ol 
aide of tLe curved surface. 

If rays proceed from a point o, nearer the surface 
than its principal focus, they will stillbe divergent after 
passing throngli A B and will therefore never meet ; by 



ithei^H 




continuing these rays backwards they will meet at L, 
80 that the conjugate focus of o will be at l, on the 
Bame side as the focus ; and the coujcgate focus will 
in this case be spoken of as negative. 

Refraction by Lenses 
Refraction by lenses is somewhat more complicated, 
an optical contrivance usually made of 




glass, and consists of a refracting medium with two 
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opposite surfacea, one or both of which may be 
segments of a sphere, they are then called spherical 
lenses, of which there are six varieties. 

1. Plano-convex, the segment of one sphere (Fig. 
11, b). 

2. Biconvex, segments of two spheres (Fig. 11, a). 

3. Converging concavo-conveXj also called a con- 
verging men" 

4. Plano-c 

5. Biconcave. 

6. Divergingconcavo-convexjCalledalsoadiverging 




may be looked upon as made up of a number 
of prisms with different refracting angles — convex 
lenses, of prisms placed with their bases together; 
concave lenses, of prisms with their edges together. 

A ray passing from a less refracting medium (as air) 
through a lens, is deviated towards the thickest part, 
therefore the three first lenses, which are thickest at 
the centre, are called converging ; and the others, which 
are thickest at the borders, diverging. 

A line passing through the centre of the lens (called 



i 
1 
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12 THE REFRACTION OF THB ETB 

the optical centre) at right angles to the surfaces o£ 
the lens, is termed the principal axis, and any rai 
passing through that axis is not refracted. 

All other rays undergo more or less refraction, 
Bays passing through the optical centre of a lei 
hut not through the principal axis, Ruffer slight devia- 
tion, but emerge in the same direction as they entered ; 
the deviation in thin lenses ia so slight that they are 
usually assumed to pass through in a straight line ; 
these are called secondary axes {Fig, 13). 







LeiiB with gecODdHry axea uadergoing slight deviation. 

Parallel rays falling on a biconvex leus are rendered 
convergent ; thna in Fig, 14 the rays a, b, c, strike the 
surface of the lens (l) at the points d, e, f; the centre 
ray (b) falls on the lens at E perpendicular to its surface, 
and therefore passes through in a straight line ; it also 
emerges from the lena at right angles to its opposite 
surface, and so continues its course without deviation ; 
but the ray (a) strikes the surface of the lens obliquely 
at D, and as the ray is passing from one medium (air) 
to another (glass) which is of greater density, it is bent 
towards the perpendicular of the surface of the lei 
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BICONVEX LENSES 13 

shown by the dotted line M K ; the ray after deviation, 
passes through the lens, striking its opposite surface 
obliquely at o, and as it leaves the lens, enters the rarer 




medium (air), being deflected from the perpendicular 
NO; it is now directed to H, where it meets the central 
ray b h; ray c, after undergoing similar refractions 
meets the other rays at H, and so also all pai-allel rays 
falling on the biconvex lens (l) . 

Parallel rays, therefore, passing through a convex 
lens (l) are brought to a focua at a certain fixed point 




(a) beyond the lens ; this point is called the principal 
focus, and the distance of this focns from the lens is 
called the focal length of the lens. 
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Bays from a Inminous point placed at tlie principal 
focus (a) emerge as parallel after pasBing through the 
lens. 

Divergent raya from a point (b) outside the principal 

focus (p. Fig. 16) meet at a distance beyond (f') the 
principal focus on the other side of the lens (l), and 
if the distance of the luminous point (b) is equal to 
twice the focal length of the lens, the rays will focus 




at a point (c) the same distance on the opposite side of 
the lens, rays coming from c would also focus at B, 
they are therefore called conjugate foci, for we can 
indifferently replace the image (c) by the object (b) 
and the object (b) by the image (c). 

If the luminous point (d) be between the lens and 
the principal focus (f), then the rays will issue from 
the lens divergent, though less so than bef el's enteringj 
and if we prolong them backwards they will meet at a 
point (e) further from the lens than the point D ; H will 
therefore be the virtual focus of D, and the conjugate 
focus of D may be spoken of as negative. 

Biconvex lenses have therefore two principal foci, s 
and p', one on either aide, at an equal distance from 
the centre. 



BICONCAVE LENSES 
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In ordinary lenses, and those in which the radii of 
the two surfaces are nearly equal, the principal focus 
closely coincides with the centre of curvature. 

We have assumed the luminons point to be situated 
on the principal axis, eupposingj however, it be to one 
side of it as at e (Fig. 17), then the line (b f) passing 
through the optical centre (c) of the lens (l) is 



m 



secondary axis, and the focus of the point e will be 
found somewhere on this line, say at r, so that what 
has been said respecting the focus of a luminous point 
on the principal axis (a b), is equally true for points 
on a secondary axis, provided always that the inclina- 
tion of this secondary axis is not too great, when the 
focus would become imperfect from much spherical 
aberration. 
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THB EKFEACTION 0? THE ETB 

n biconcave lensea the foci are always virtual wh 
r the distance of the object. 
lays of light parallel to the axis, diverge af 
raction, and if their direction be continued ba 
d, they will meet at a point termed the princi 
as (Fig. 18, F). 

"'ig. 19 shows the refraction of parallel rays b 
oncave lena (l) ; the centre ray b, strikea the 1 
E perpendicular to its surface, passing throu 
boat refraction, and as it emerges from the oppos 
e of the lens perpendicular to its surface, it coutin 

Fig. 19. 

a straight line; the ray A, strikes the lens obliqu 
D and is refracted towards the perpendicular, sho 
the dotted line g h, the ray after deviation pas 
ongh the lens to k, where, on entering the medi 
less density obliquely, it is refracted from 
rpendicular o p, in the direction k m, the same ta 
tee with ray c, at f, and n. so also with all in 
diate parallel rays. 
Formation of images. — To illustrate the formatioi 
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FORMATION OF IUA0E6 17 

out : place on one side of a screen having a small 
perforation, a candle, and on the other side a sheet of 
white cardboard at some distance from the object, to 
receive the image formed; rays diverge from the 
candle in all directions, most of those falling on the 
screen are intercepted by it, but some few rays pass 
through the perforation and form an image of the 
candle on the cardboard, the image being inverted 
because the rays cross each other at the orifice; it 
can further be shown that when the candle and card- 




board are equally distant from the perforated screen, 
the candle flame and its image will be of the same 
size. If the cardboard be moved further from the per- 
foration the image is enlarged, if it be moved nearer 
it is diminished ; if we make a dozen more perfoi-ations 
in the screen, a dozen more images will be formed on 
the cardboard, if a hundred then a hundred, but if 
the apertures come so close together that the images 
overlap, then instead of so many distinct images we get 
a general illumination of the cardboard. 

The image of an object is the collection of the foci 
Mts several points; the images formed by lenses are, 



as in the case of the foci, i-eal or virtual. Images formed 
therefore by convex lenses may be real or virtual. 

In Fig. 21, let A B be a candle situated at an 
infinite distance, from the extremities of A B, draw two 
lines passing through the optical centre (c) of a 
biconvex lens, the image of a will be formed some- 
where on this line (termed a secondary axis), say at a, 
rays from b at &, so 6 ft is a small inverted image of 
the candle A b, formed at the principal focus of the 
convex lens. Had the caudle been placed at twice the 




focal distance of the lens, then its image would be 
formed at the same point on the opposite side of the 
lens, of the same size as the object, and inverted. 

If the candle be at the principal focus (f) then the 
image is at an infinite distance, the rays after refrac- 
tion being parallel. 

If, however, the candle (a b) be nearer the lens than 
the focus, then the rays which diverge from the candle, 
will, after passing through the convex lens, be still 
divergent so that no image is formed ; an eye placed 
at R, would receive the rays from A B as if they came 




Virtaal image fovmcd bj cuiivcx Itne. 

from ah ; a 6 is therefore a virtual image of a' b, erect 
and larger than the object, and formed on the same 
side of the lena as the object. 

Images formed by biconcave lenses are always 
virtual, erect, and smaller thac the object ; let A b be 




led by concave leua. 



a candle, and f tlie principal focus of a biconcave lens, 
draw from a b two lines through, c, the optical centre 
of the lens, and lines also from a and b parallel to the 
axis, after passing through the lens they diverge and 
have the appearance of coming from a h, which is 
therefore the virtual image of A B. 

;an be projected on to a screen, bat a 
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20 THE REFRACTION OF THE ETE 

virtual one can only be seen by looking through the 
lens. 

The cylindrical lens still remains to be mentioned ; 
it consists of a lens one surface of which is usually 
plane while the other is the segment of a cylinder^ 
and may be either convex or concave ; if a convex 
cylinder be held vertically, the vertical meridian will be 
plane, exercising no influence on rays passing through 
it in that meridian, while the horizontal meridian will 
be convex, and will act as such on rays passing through 
it. The axis of the cylinder is usually indicated by a 
portion of the lens on each side being ground, parallel 
to this axis. 



CHAPTER II 



' BE FRACTION. ACCOMMODATION. 



Tkb eye may be looked upon aa an optical instru* 
raent, a sort of photographic camera, designed to pro- 
duce by means of its refracting systeni a small and 
inverted picture of surrounding objects upon the retina; 
the stimulation produced by this picture is conducted 
by the optic nerve to the brain, which must be able to 
interpret correctly the impressions thus transmitted 
to it. Immediately behind the transparent retina is a 
layer of pigment, which absorbs the rays of light as 
Boon as the image is formed ; were this not so the rays 
would be reflected to other parts of the retina, and 
cause much dazzling, considerably interfering with 
vision, as in the case of albinos. 

The refracting system of the eye ia so arranged that 
but little, if any, spherical or chromatic aberration 
takesplace, asis the case with ordinary optical inetru- 



For distinct and accurate vision the following con- 
ditions are necessary : — 

1. That a well-defined inverted image be formed on 
the layer of rods and cones at the yellow spot. 

2. That the impression there received be conveyed 
to the brain. 
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n In a work of this character the first of these con- 

D ditioDS alone concerns us, and for the carrying out of 

this — the media being transparent — three important 
i factors call for a separate description, viz ; — 



Refraction. 

Accommodation. 

Convergence. 



Refraction. — This term is nsed to express the optical 
condition of the eye in a state of rest. There are 
three refracting surfaces in the eye — the anterior sur- 
face of the cornea, the anterior surface of the lens, and 
the anterior surface of the vitreous; and three re- 
fracting media, the aqueous, the lens, and the vitreous. 
These together make up the dioptric system, and may 
for the sake of simplicity be looked upon as equal to 
a convex lens of about 23 mm. focus. What was said 
about convex lenses applies equally to the eye as an 
optical instrument. 

A ray of light falling on the cornea does not, 
however, follow the simple direction we might imagine 
when considering the eye merely as a lens of 23 mm. 
focus, but it must be looked upon as a compound sys- 
tem, composed of a spherical surface and a biconvex 
lens. To enable us to understand the course of a ray 
through the eye, it is necessary to be acquainted with 
the cardinal points of this compound system; too 
much space would be occupied to explain how the 
position of these points is arrived at, but it suffices to 
say, that having first found the cardinal points of the 
^^^_ cornea and then those of the lens, the cai'dinal pointiw-— 
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of the eye will be the result of these two eysteniB 
together. 

The cardinal points of the eye are six in number, 
two princifal points, two nodal points and two principal 

^^/SS. In the above diagi-am of the emmetropic eye the 
cardiual points of this compound system are shown, 
all situated on the optic axis (f a) ; at B are two 
principal points, situated so closely together in the 
anterior chamber, that they may conveniently he looked 
npon as one point ; at N are two nodal points, also 
close together, for simplicity we shall consider them 
as one point; at f is the first principal focus; atAthe 
second principal focus. We then have the following; 
c, the cornea ; l, the lens ; m, the macula ; o, the optic 
nerve ; p a, the optic axis ; b, the principal point ; b, 
the nodal point; H, the centre of rotation of the eysj 
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9'2 mm. in front of the retina ; A, the second principal 
focus ; and i" the first principal focaa. 

The nodal points correspond nearly to the optical 
centre, the axis ray passing through these points is 
not refracted ; every ray directed to the first nodal 
point, appears after refraction to come from the second 
point, and continues in the same direction to that 
which it first had : the nodal points in the eye are 
situated about 7 mm. behind the cornea. 

The pnncipal points. When an incident ray pEtsses 
through the first principal point, the corresponding 
emergent ray passes through the second principal 
point, but the incident and emergent ray are not 
parallel : the principal points are situated about 2 mm. 
behind the cornea. 

The first principal focus, is that point on the axis 
where rays parallel in the vitreous meet, this point is 
about 13'7 mm. in front of the cornea. 

The second principal focus, is that point on the axis 
where parallel rays meet after passing through the 
eye; 22'8 mm. behind the cornea. 

A luminous point placed above the principal axis 
forms its image on the retina below this axis, and 
inversely, the image of a point below the principal 
axis will be formed above it. If we replace these two 
points by an object the same thing occurs, and we get 
an invm-ted image (Fig- 25) ; it is essential that the 
method of formation of these inverted images be 
thoroughly understood, 

From every point of an object ABC, proceed diveI^* 
gent rays. Some of those coming from a pass through 
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the pupil, and being refracted by the dioptric Bjstem, 
come to a focus on the retina at a : somR coming; from 
B focus at b, and some from c at c. In the same way 




raya come from every point of the object as divergent 
rays, and are brought to a focus on the retina; so 
that the retina being exactly at the focal distance of 
the refracting system, receives a well-defined inverted 



Much has been said and written as to why images 
which are formed in an inverted position on the retina 
should be seen upright, and all sorts of ingenious 
explanations have from time to time been given. The 
whole thing is entirely a matter of education and experi- 
ence, which is supplemented and corroborated by the 
sense of touch. We have no direct cognisance of the 
image on the retina, nor of the position of its different 
parts, but only of the stimulation of the retina produced 
by the image, this stimulation is conducted by the 
optic nerve to the brain, producing there certain 
molecular changes. We do not actually see the re- 
tinal image, but the object from which the rays eman- 
ate, and we refer the sensation in their direction ; thus. 



26 THB EEFRACTION OF THE EYB 

if an image is formed on the upper part of our reuoa, 
we refer the sensation downwards from which the rays 
must have come. 

The great advantage of inverted images is that for 
a given sized pupil a much larger retinal picture can 
be formed, than would be the case if no inversion took 
place; for in the latter case all images mu at necessarily 
occupy a smaller space on the retina than the size of 
the pupil. 

The refraction of the eye is said to be normal, when 
parallel rays are united exactly on the layer of p 




and cones of the retina; in other words, when the 
retina is situated exactly at the principal focal 
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tance of the refracting systeni of the eye. This condi- ^^H 
tioQ IB called emmetropia (Eft, within, /ihpov, tneaBnre, ^^H 
. £i;<, the eye) (Fig. 26, A). If parallel rays are focuased ^M 
behind, or in front of the retina, then the term ams- ^H 
tropia {a, priv., fihpov, measure, w^, the eye) is used, ^^| 
and of this there are two opposite varieties ; — ^^| 

Hi/perinetropia, when the eyeball is so short, that ^^H 
parallel rays are brought to a focus behiud the retina ^^| 
(Fig. 26, B). H 

Myopia, when the eyeball is too long, so that parallel ^^M 
rays focns in front of the retina (Fig. 26, c). ^^M 

Emmetropia in a strict mathematical seuse is very ^^H 

^H 

If we represent the eye by a biconvex lens and the ^H 
retina by a screen, emmetropic when situated at the ^H 
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prij 
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Convex k-u» »f 33 mm. Cocub. Parallel raja fociiB at B 
(eminetroiiia) on tlio screen, forming n well-detlned inrnge 
of object from wliich rtiy» come ; at H (livptrme tropia) 
they Ibrm a diffuaiou patch instead of an image, m (my- 
opU), also a. ciifFnsioii patch, tbe mjs liaviiig croased und 
become divergent. 

Qcipal focus of the lens as e Fig. 27, we make 
)ermetropic (h) by bringing forward the scret 
I myopic (mJ by moving it further away from t 
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In all eyes, vieion ranges from the far point or 
punctnm remotum (which in the emmetropic eye is 
at infinity) to the near point or punctum proximum. 

The near point varies in the normal eyej according 
to the amonnt of the accommodation ; receding grada- 
aJly as age advances; when it has receded beyond 22 
cm. (which usually occurs in the emmetropic eye about 
the age of forty-five), the condition is spoken of as 
presbyopia (page 177). 

Infinity is any distance beyond 6 metres, the i-ays 
coming from a point at or beyond that distance being 
parallel, or almost so. 

Tho emmetropic eye therefore, has its far point, or 
punctnm remotum, situated at infinity : the hyper- 
metropic eye has its punctum remotum beyond infinity, 
and the myopic eye its punctum remotum at a finite 
distance. 

Generally the two eyes are similar in their refrac- 
tion, though sometimes there is a very great difier- 
ence. One may be hypermetropic, the other myopic ; 
or one emmetropic, the other amctropic. Anisome- 
tropia is the term used when the two eyes thus vary 
in their refraction. 

There may be differences also between the refraction 
in the different meridians of the same eye — astiijma- 
tistn. 

In all forms of ametropia the acuteness of vision is 
liable to be diminished. The visual acuteness usually 
decreases slightly as age advances, without any dis- 



The acuteness refers always to central vision. Tl 
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yellow apot is the most sensitive part of the retina, 
and the sensibility diminishes rapidly towards the 
periphery. The acuteneas is measured by the siae of 
the visnal angle, that is, the angle formed at the pos- 
terior nodal point, which point closely coincides with 
the posterior surface of the lens, and is about 15 mm. 
in front of the yellow spot. 

In Fig, 28, let c D be an object for which the eye is 
accommodated. The lines c c, D d, drawn from the 
extremities of the object, cross at the nodal point N. 
The angle c N d, will be the visual angle under which 
the object c D is seen. The size o£ the angle depends 
upon the distance of the object as well as upon ita 
magnitude, and the size of the image thus formed on 
the retina will also depend upon the antero-poaterior 
length of the eyeball. 




Thna an object a b, which is as large as C n, but 
nearer to the eye, will be seen under a larger angle, 
the angle a n e beiug greater thnn c n n. It is a 
clear that the image formed on the retina will be 
smaller at 1, when the antero-posterior diameter of 
the eye is less, as in hypermetropia, than it is at 2 in 
emmetropia, and that it will he larger in myopia, aa at 
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3, where the eyeball is elongated. It is, therefore, 
easy to understand that a patient may be able to read 
the smallest type and still have some defect of refrac- 
tion, unless the type be read at its proper distance 
(see Fig. 35) . 

It is by the unconscious comparison of things of 
known size, and the amount of acccomodation brought 
into play, that we are able to estimate the distance of 
objects, and not by the visual angle alone. 

Objects must therefore be of a certain size, and it 
has been proved, that to enable us to see a complex 
figure like a letter distinctly, each part of the figure 
must be separated from the other parts, by an interval, 
equal to not less than the arc subtending an angle of 
V at the nodal point. 

It has been shown (Fig. 26, b), that in the hyper- 
metropic eye, when in a state of rest, parallel rays are 
brought to a focus behind the retina, so that instead 
of a clear, well-defined image, we get a circle of 
diffusion . Convex glasses render parallel rays passing 
through them convergent, so that by placing a lens 
of the right strength in front of the hypermetropic 
eye, we bring forward its focus on to the retina. 

In myopia (Fig. 26, c), where the focus is in front 
of the retina, we succeed by concave glasses in carry- 
ing back the focus. 

Lenses, — These lenses are spherical, and were until 
recently numbered according to their radii of curva- 
ture, which was considered as equal to their focal 
length in inches, a glass of 1 inch focus being taken 
as a standard. To this plan there were several ob- 
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jectiona. The standard glass being a strong one, 
weaker glasses liad to be expressed in fractions. 
Thus a glass of 4 inch focus was one fourth the 
strength of the standard 1 inch, and was expressed as 
J. In addition to the trouble and inconvenience of 
working with fractions, the intervals between the 
lenses were most irregular, and, moreover, the inches 
of different countries vary. At the Ophthalmological 
Congress in 1872, it was decided to adopt a metrical 
scale of measurement. A lens of 1 metre focus was 
taken as the unit, and was called a dioptre; a weak 
instead of a strong glass therefore becoming the unit, 
a lens of two dioptres is twice the strength of the 
former, and has a focal length of half a metre. Thus 
each lens is numbered according to its refracting 
power, and not, as in the old system, according to its 
focal length; so that we have a series composed of 
equidistant terms. The numbers 1 to 20 indicate the 
uniformly increasing power of the glasses. 

The focal length of a lens is not expressed in the 
dioptric measurement; we have only to remember 
that it is the inverse of the refracting power; so that 
by dividing 100 cm. by the number of the lens, we 
obtain its focal length in centimetres, for example, if 
the lens be 2 D. then the focal length will be 50 cm., 
if 10 D. then 10 cm. 

The intervals between dioptres is somewhat large, 
BO that decimals "25, '50, "75 of a dioptre were intro- 
dnced ; these work easily. 

Convex glasses magnify and concave ones diminish 
the size of objects. 
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Cylindrical lenses have already been referred to on 
page 20. 

Aocommodation. — In the normal eye, in a condition 
of complete repose, parallel rays come to a focus exactly 
on the rods and cones of the retina, and the object 
from which they come is therefore seen distinctly. 

Rays from a near object proceed in a divergent 
direction, and come to a focus behind the retina ; the 
object would not then be clearly seen, unless the eye 
possessed within itself the power of bringing rays 
which are more or less divergent into union on the 
retina. 

This power of altering the focus of the eye at will, 
is called aciCotn.w,oda,iion, and is due to an alteration in 
the form of the lens. That the eye possesses this 
power can easily be proved in many ways, apart from 
the conscious muscular effort; perhaps aa simple a 
way as any to demonstrate it to oneself, is to lock 
through a net held a short distance off, at some distant 
object. Either the net or the object can be seen 
distinctly, but not both at once. If the meshes of 
the net be looked at, then the distant object becomes 
indistinct, and on looking at the object the meshes 
become confused. 

Accommodation, therefore, increases the refraction 
of the eye and adapts it to near objects. The changes 
which take place in the lens during accommodation 
are — 

1st. The anterior surface becomes more convex and 
approaches the cornea. 

2nd. The posterior surface becomes shghtly more 




ACCOMMODATION 



convex, but remains equally distant from the coi 
nea. 

That these changes take place may be proved 
the following manner : a small candle flame, or othi 
convenient object, being held on one side of the eye, 
so as to form an angle of 30° with its visual axis, an 
observer looking into the eye from a corresponding 
position on the other aide, will see three images of 
the flame, the first npright, formed by the cornea, the 
second larger, upright and formed by the anterior 
surface of the leas, the third smaller and inverted, 
formed by the posterior surface of the lens ; when 
accommodation is put in force, images one and three 
remain unchanged in shape and position ; image two, 
which is that formed by the anterior surface of the 
lens, becomes smaller, more distinct, and approaches 
image one, proving that this surface of the lens has 
become more convex and has approached the cornea. 
In an emmetropic eye adapted for infinity, it has been 
proved that the radius of curvature of the anterior 
surface of the lens is 10 mm., when accommodated for 
an object 13'5 cm. off, it is changed to 6 mm. 

The pupil also becomes smaller, the central part 
advances, while the peripheral part slightly recedes. 

The alteration in the shape of the lens is due to the 
contraction of the ciliary muscle, which draws forward 
the choroid, thereby relaxing the suspensory ligament 
and allowing the elasticity of the lens to come into 
play. This elasticity is due to the peculiar watoh-j 
spring arrangement of the lens fibres. I 

^_ When the ciliary muscle is relaxed, the suspenaorj \ 
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Kganiert returns to its former state of tension, and so 
tightens the ant-erior part of the capsule, flattening the 
front surface of the lens. 




DUgram of lens, cornea. &c. The right lialf is repreiieuted 
u in a statu of accommodation, tbe left lialf at rest. 
4. The anterior oliamber. c. The cornea, i„ The lena. 
T. The Titreoua humonr. i. Tbe iri«. u. Ciliary muicle. 



When the muscle is thus relaxed to its uttermost, 
the lens has assumed its least convexity, and the eye 
ia then adapted for its far point {jjunrfuin remoiwm) (r). 

In this condition the eye ia spoken of as being in a 
state of complete repose. 

When the ciliary muscle has contracted as mncli aft 
it can, the lens has assumed its greatest convexity, 
and its maximum amount of accommodation is now in 
force. This point is the nearest for which the eye 
can accommodate itself, and ia called the punetim 
proximum (p). 

In the emmetropic eye the punctum remotimii' 
situated at infinity. 

The position of the punctum proximum oa^^ 
determined in several ways ; the ordinary plan is to 
place in tbe patient's hand the small test-type and note 
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the shortest distance at which he can read No. 1 with 
each eje separately ; or we may measore it with the 
wire optometer, which consists of a steel frame crossed 
by thin vertical wires ; this is supported in a handle to 
which a tape measure is attached, the tape is placed 
against the temple, and held there while the frame is 
made gradually to recede from the patient's eye we 
are examining, stopping as soon as the wires become 
distinct, and reading off the nomher of centimetres on 
the measure. Another excellent plan by which to 
find the position of the punclum prozimnm is that of 
Scheiner ; close in front of the eye we wish to examine, 
is placed a card pierced with two small pin boles, which 
must not be further apart than the diameter of the 
pupil, through these two holes the patient is directed 
to look at a pin held about one metre away (tbe other 
©ye is o£ course excluded from vision during the 
experiment) ; the pin will be clearly and distioctly 
seen, we then gradually approach it to the eye ; at a 
certain place it will become double, the point at which 
the pin ceases to appear single will be the panctum 
proximum. 

In Fig. 30 the biconvex lens L represents the 
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eye, d the perforated card, f the pin, k i., the two sets 
of rays from p, which focus exactly at b the retina. 

If, however, the pin be brought nearer, so that the 
acconamodation ia unable to focus the two sets of rays, 
they will form instead of one, two images of the pin 
on the retina as at A. These will be projected outwards 
as crossed images. 

The distance between the punctum remotum and 
the ponetum proximum is called the range of accommo- 
dation. 

The force necessary to change the eye from its 
punctum remotum to its punctum proximum ia styled 
the amplitude of accommodation. The amplitude of 
accommodation therefore is equal to the difEerence 
between the refracting power of the eye when in a state 
of complete repose, and when its maximum amount of 
accommodation is in force, and may be expressed by 
the formola 

a=p-r. 

A convex glass placed in front of the eye produces 
the same effect as accommodation, i. e. it increases its 
refraction and adapts the eye for nearer objects. "We 
can easily understand, that the lens which enables an 
eye to see at its near point without its accommodation, 
is a measure of the amplitude of accommodation, giving 
to rays which come from the near point, a direction as 
if they came from the far point. 

The amplitude of accommodation is much the same in 
every kind of refraction. If we wish to measure it in an 
emmetrope, we have merely to find the nearest point at 
which the patient can read small print. 




A lens whq^^^ 
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focal distance corresponds to this, is a measure of the 
amplitade of accommodation. Thus, supposing 20 cm, 
the nearest distance at which he is able to read small 
print, we divide this into 100 cm. to find the focal 
distance of the lens ('^"=5 0.); and in this case a 
lens of 5 D, is the measure we require. 

Or we can measure it in an inverse manner, by- 
looking at a distant object through a concave glass; 
the strongest with which we can see this distant object 
distinctly, is the amplitude of accommodation; the 
concave glass giving to parallel rays coming from the 
distant object such an amount of divergence, as if they 
came from a point situated at the principal focal 
distance of this glass. 

Therefore the amplitude of accommodation in 
emmetropia is equal to the refraction when adapted 
to its punctum pvoximum and may be expressed by 
the formula 

a=p- 00* 
or a = J) — 
or a = J). 

The Accommodation of Hypermelropes. — A hyper- 
metrope requires some of his accommodation for 
distant objects ; we must, therefore, in order to find 
the amplitude of accommodation in his case, add on to 
the lens whose focal length equals the distance of the 
near point, that convex lens which enables him to see 
distant objects, without his accommodation, and we 
express it by the formula 
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Thus^ to take an example^ we will assume the patient's 
near point to be 25 cm. (Vr = 4 D.)^ and that he has 
to use 4 D. of accommodation for distant objects^ then 
the amplitude of his accommodation would be 4 D. + 
4D. = 8D. 

The Accommodation of Myopes, — In a myope we have 

to subtract the glass which enables him to see clearly 

distant objects^ from that whose focal length equals 

the distance of the near point. The formula will 

then be 

a = p -^ r. 

Thus^ to find the amplitude of accommodation in a 
myope of 2 D., the near point being at 10 cm., we 
subtract from ( VV^= 10) 10 D. the amount of the 
myopia 2 D. and the resulting 8 D. is therefore the 
amplitude of accommodation. 

Hence it is obvious that with the same amplitude of 
accommodation, the near point is further awayinhyper- 
metropia than in emmetropia, and further in emme- 
tropia than in myopia. Thus an emmetrope, with an 
amplitude of accommodation of 5 D. would have his 
near point at (^^= 20) 20 cm., a hypermetrope of 2 D., 
whose amplitude equalled 5 D. would require 2 D. for 
distance, leaving him 3 D., which would bring his near 
point to (4-§^=33) 33 cm. ; and a myope of 2 D., who 
would require a concave glass of this strength to enable 
. him to see at a distance, would have a near point of 14 
cm. (^-^=14) with the same amplitude. 

Accommodation is spoken of as absolute, binocular, 
and relative. 

Absolute, is the amount of accommodation which 



AMPLITUDE or ACCOMMODATION 

one eye can exert, when the other ie excluded from 




the thick lilies pass, tlii? amplitude of Bccommcxliktioii at 
different ^ea in emmetropia. The figures above, represent 
the Dumber la dioptres of accommodatioa ; tlioee belov, the 
near point for each amount; and those on the loft, the age 
□f the individual. 



Binocular, that which the two eyes can exert 
together, being allowed at the same time to converge. 

Relative, that which the two eyes can exert together 
for any given convergence of the visual lines. 

As age advances the elasticity of the lena diminishes, 
the accommodation therefore becomes leas, and the 
near point gradually recedes. These changes com- 
mence at a very early age, long before the individual 
has come to maturity. 

The following table gives the amplitude of accommo- ' 
dation at different ages as shown in Fig. 84. 

Fig. 31 diagrammatic ally represents the amplitode 
of accommodation in emmetropia. 
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Tean, 


Amplitude of accommodation. 


10 14 D. 


15 






, 12 D. 


20 . 






10 D. 


30 






7D. 


40 






4-5 D. 


50 


^ 




2-5 D. 


60 






ID. 


76 






0. 



Convergence. — This is the remaining element of dis- 
tinct binocular vision, and with it accommodation is 
very intimately linked, so that usually for every in- 
crease of the convergence, a certain increase in the 
accommodation takes place. 

Convergence is the power of directing the visual 
axes of the two eyes, to a point nearer than infinity ; 
and is brought about by the action of the internal 
recti muscles. 

When the eyes are completely at rest, the optic axes 
are either parallel, or more usually, slightly divergent. 
The angle thus formed between the visual and the 
optic axis is called the angle a, and varies according 
to the refraction of the eye. In emmetropia the angle 
is usually about 5°; in hypermetropia it is greater^ 
sometimes about 7° or 8°, giving to the eyes an appear- 
ance of divergence ; in myopia the angle is less, often 
about 2°, or the optic axis may even, in extreme cases, 
fall on the inside of the visual axis, when the angle a 
is spoken of as negative (p. 191) : so that in myopia 
there is frequently an appearance of convergence, 
giving one the idea of a convergent squint ; hence the 



C0N7EEOBNCE 41 

mere look of the patient's eyes, with regard to their 
axes is uot always quite reliable. 

The object of convergence is the directing of the 
yellow spot in each eye towards the same point, so as 
to produce singleness of vision. Diplopia, or double 
vision, at once resulting, when the image of an object 
is formed on parts of the retina which do not exactly 
correspond in the two eyes. 

To test the power of convergence prisma are held 
with their bases outwards. The strongest prism 
which it is possible to overcome, that is, the prism 
which does not produce diplopia on looking through 
it at a distant object, is the measure of the con- 
vergence, and varies in different persons, usually 
between prisms of 20° and 30°, divided between the 
two eyes. 

In considering convergence, we have not only to 
bear in mind the condition of the internal recti 
muscles, but also the state of equilibrinm, produced 
by them and the action of their antagonists — the ex- 
ternal recti. 

The nearer an object, the more we have to converge, 
and BO also with the accommodation. Hence, on con- 
Terging to any particular point, we usually also in- 
voluntarily accommodate for that point, the internal 
recti and ciliary muscles acting in unison. 

Nagel has proposed a very simple and convenient 

plan, by which we may express the convergence in 

metres, calling the angle formed by the visual and 

median lines as at h', the metrical\ angle. In Fig. 32 

j^^^us' represent the centres of rotation for the two eyea ; 
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E H e' is the base line between the eyes. When the 
eyes are fixed on some distant object^ the con- 
vergence being passive, the visual lines are parallel 
or almost so^ as e a^ e^ a^^ the angle of convergence is 
then at its minimum^ and it is said to be adapted to 
its punctum remotum, this^ then^ being at infinity is 
expressed, C* = oo. 

If the eyes be directed to an object one metre away, 
the metrical angle e m^ n equals one, t. 6. C = 1. If 
the object is 50 cm. off, then C = 2 ; if 10 cm. then 
{^■^ = 10) C = 10. If the object had been beyond 1 
metre (our unit), but not at infinity, say 4 metres, 
then C = i. 

When the visual lines, instead of being parallel, 
diverge, then the punctum remotum is found by con- 
tinuing these lines backwards till they meet at c, 
behind the eye ; the convergence is then spoken of as 
negative. 

When the eyes are directed to the nearest point at 
which they can see distinctly, say at m'", the angle of 
convergence is at its maximum, and it is said to be 
adapted to its punctum proximum. 

The distance between the punctum proximum and 
the punctum remotum is the range of convergence. 
The amplitude of convergence is the whole conver- 
gence that can be put in force, and we express it by 

the formula 

c = p — r. 

The punctum remotum of convergence is seldom 
situated at a finite distance, sometimes it is exactly at 

* C is the sig^ for convergence. 
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infinity^ but in the majority of cases it is situated 
beyond infinity, i. e. the visual lines diverge slightly. 
In order to measure this divergence, and so obtain the 
punctum remotum of convergence, we place before 
the eyes prisms bases inwards (abducting prisms), and 
the strongest with which the person is still able to see 
singly is the measure of the negative convergence. 

Prisms are numbered in degrees according to the 
angle of the prism. The deviation produced by a 
prism is equal to half its angle, thus prism 8 will 
produce a deviation of the eye of 4°, and prism 20 
a deviation of 10°. 

When a prism is placed before one eye, its action 
is equally divided between the two eyes. 

To take an example, if an abducting prism of 8° 
placed before one eye (or what is the same thing 4P 
before each eye) be found to be the strongest through 
which a distant object can be seen singly, then each 
eye in our example has made a movement of diver- 
gence equal to 2°, and the punctum remotum of con- 
vergence in this case is therefore negative, and is ex- 
pressed —2°. By referring to the table on page 47, 
it will be seen that when the centres of rotation 
of the eyes are 6*4 cm. apart, then the metre angle 
equals 1° 50', so we reduce the 2° to metre angles, 
thus — 

2 120 , ^^ 

= TTTr= r09 ma. 



1^50' 110 

or it is suflScient to remember to divide the prism 
placed before one eye by seven ; thus in our example 
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we shoiild divide prism 8^ by seTen^ and this would 
give OS approximately the same result. 

To find the pnnctom proximnm of convergence^ 
hold a prism^ base outwards, (addncting prism) before 
one eye^ and the strongest which can be so employed 
withont producing diplopia divided between the two 
eyes^ gives the punctam proximnm of convergence in 
d^rees. This can be reduced to metre angles as 
before. 

Or a simpler plan is to measure it with Landolt's 
ophthalmo-dynamometer^ which is a small instrument 

Fio. 33 





consisting of a black metallic cylinder^ a^ made so as 
to fit upon a candle^ b. The cylinder has a vertical 
slit '3 mm. in breadth, covered by ground glass ; the 
candle being lighted, this forms a luminous line, and 
will serve as a fixation object. A tape measure is 
conveniently attached, being graduated in centimetres 
on one side, and on the other in the corresponding 
numbers of metre angles. 
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To find the puDctum proximnm of conyergencOj the 
measure is drawn oat to aboat 70 cm.^ its case being 
held beside one of the eyes of the patient^ while the 
object of fixation is placed in the median line. If the 
illuminated line is seen singly^ by pressing the knob 
of the case^ the spring rolls up the tape and the fixa- 
tion object is brought nearer the eye. So soon as the 
patient commences to see double^ the nearest point of 
convergence is obtained, and the maximum of conver- 
gence is read off the tape in metre angles. This ex- 
periment should be repeated several times. 

In a normal case the minimum of convergence is 
usually about — Ima; the maximum 9*5 m a ; so that 
the amplitude of convergence equals 10*5 m a. 

We know that the accommodation increases the 

nearer the object approaches, hence we see, that both 

the convergence and accommodation increase and de- 

crease together ; and in recording the convergence in 

the manner proposed by Nagel, it will be seen that 

in the emmetropic eye the number which expresses 

the metrical angle of convergence, expresses also the 

state of refraction for the same point — this is a great 

advantage. Thus when looking at a distant object, 

the angle of convergence is at infinity, C = oo , and 

the refraction is also at infinity, A = oo . When the 

object is at 1 metre the angle of convergence = 1, 

and the amount of accommodation put into play = 1 

D. When the object is at 25 cm. then the angle 

of convergence = 4, and the amount of accommoda- 
tion = 4 D. 

The amplitude of convergence is somewhat glreater 
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tlian the amplitude of accommodation, passing it both 
at its pnnctum remotum and its panctum proximum. 

The following table shows the angle of convergence 
in degrees, for different distances of the object, when 
the eyes are 6'4 cm. apart : 



I' 

f 

Althongh accommodation and convergence are thus 
intimately linked together, it can easily be proved 
that they may have a separate and independent action. 
If we suspend the accommodation with atropine, the 
convergence is not interfered with, or an object at a 
certain distance being seen clearly without a glass, 
can still be seen distinctly with weak concave and 

K """"'"' glasses, 
lay therefore be stated that although the 
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accommodation and convergence are intimately asso- 
ciated, they may be independent of each other to a 
certain degree, in order to meet the ordinary require- 
ments ; thns the changes which take place during 
advancing life, when for the same amonnt of con- 
vergence, a greater contraction of the ciliary mnacle 
is necessary to produce the requisite change in the 
accommodation, owing to diminishing elasticity of the 
lens. 

It is obvious also that the relations between accom- 
modation and convergence must necessarily be very 
different in ametropia, and this relation will be again 
referred to when treating the varieties of ametropia 
in detail. 

The following diagram {Fig. 34) shows the relative 
amount of accommodation for different points of con- 
vergence in an emmetrope, aged fifteen. The amount 
of accommodation in excess of the metrical angle of 
convergence ia called positive, and the amount below 
negative. 

The diagonal d d represents the convergence from 
infinity to 6 cm. ; it is also a record of the accommo- 
dation. The line p f' p" indicates the maximum 
accommodation for each point of convergence, and the 
line r / the minimum. The numbers on the left 
and below the diagram are dioptres and metrical 
angles of convergence ; thus, when the visual lines 
are parallel, it will be seen that 3"5 D, of positive 
accommodation can be put into play, i. e. the object 
can still be seen distinctly with a concave glass of that 
strength ; 3"5 D. is therefore the relative amplitude of 
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accommodation for convergence adapted to infinity ; 
or the metrical angle C being 5, which is a distance 
of 20 cm. away, the accommodation for that point 
would eqaal ."J D, ; the positive amount that can be put 




in force while angle C remains the same, would be 3 D,, 
and the negative also 3 D., the object being seen clearly 
with a concave or convex glass of 3 D., therefore, the 
relative amplitude of accommodation for C 5 is 6 D. 
When the angle C=10 or any larger angle, the accom- 
modation that can be put in force will be seen to be 
entirely on the negative side. 

Thus, the convergence being fixed, the amount of 
accommodation which can be brought into play for- 
i particular point, is the sum of the difference 
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CHAPTER III 

METHODS OP DETERMINING THE REFRACTION 

I NOW propose to enter into the practical part of the 
subject by considering the following subjective and 
objective methods by which the condition of the 
refraction may be determined. 

1. The acuteness of vision. 

2. Scheiner^s method. 

3. The ophthalmoscope. 

(a) The indirect method. 

(b) The direct method. 

(c) Retinoscopy. 

In every case that presents itself we must proceed 
in a systematic manner, and before commencing to 
take the patient^s visual acuteness, something may be 
gained by noticing the general appearance of the 
patient, the form of the face, head, &c. ; thus, a flat- 
looking face is sometimes an indication of hyperme- 
tropia ; a head elongated in its antero-posterior 
diameter, with a long face and prominent nose, may 
indicate myopia. If the two sides of the face are not 
symmetrical, or if there be some lateral displacement 
of the nose from the median line, astigmatism may be 
suspected. We should also notice the shape of the 
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tyea tbeTDselres, if large and prominent, or small, iuthe 
former case we may snspect myopia, in the latter 
hypermetropia. In high degrees of astigmatism it 
can often be seen that the cnrvatnre of one meridian 
exceeds that of the other. The distance between the 
eyes should also be noted, as well as the direction of 
their axes. 

We next listen to the patient's own statement of the 
troubles from which he suffers ; he may say that he 
sees distant objects well but has difficolty in reading, 
especially in the evenings, or that after reading for 
some time the type becomes indistinct so that he must 
rest awhile, here we snspect hypermetropia ; or he may 
be able to read and do near work but sees bedly at a 
distance, then we suspect myopia; or both near and 
distant vision may be defective, in this case our first 
object must be to decide whether the imperfect vision 
is doe to some error of refraction or to some structural 
change in the eyes themselves; and we possess an 
exceedingly simple method by which to diiferentiate 
between them, and this method we will call the Pin- 
hole test. A black diaphragm having a small perfora- 
tion in its centre (the box of trial glasses usually 
contains such a diaphragm) is placed quite close to the 
eye under examination, the perforation gives passage 
to a small pencil of raya which passes through the axis 
of the refracting system of the eye, so that the image 
formed is clearly defined for all distances ; if then the 
pin-hole improve vision, the refractive system is at 
fault, but if, on the contrary, vision is not improved, 
then we suspect that the transparency of the media of. 
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that the retinal sensibility is defective ; thus we possess 
a very simple and reliable plan, which if used systema- 
tically may save much loss of time. The points to 
notice when applying this test are, that the illumina- 
tion is good, and that the pin-hole is immediately in 
front of the centre of the pupil. Having, then, fonnd 
out that our patient's refraction is defective, we pro- 
ceed to our first method, the acuteness of vision. 

The Acnteneaa of Viaion.— This must not be confused 
with the refraction, it is necessary clearly to understand 
the difference between them. The acuteness of vision 
is the function of the nervous apparatus of the eye, 
■while the refraction is the function of the dioptric 
system ; so that the acuteness of vision may be normal, 
even if the refraction be very defective, provided it 
has been corrected by glasses. The refraction, on 
the other hand, may be normal even though the eye 
is unable to see, as in cases of optic atrophy, &c. 

We may define the acuteness of vision as that degree 
of sight which an eye possesses after any error of its 
refraction has been corrected, and tbe glasses neces- 
sary for this correction are therefore a measure of the 
error of refraction. 

In order to find out the acuteness of vision, we have 
to determine the smallest retinal image, the form of 
which can be distinguished ; it has been discovered by 
experiments that the smallest distance between two 
points on the retina which can be separately perceived 
is 0'00436 mm., about twice the diameter of a single 
oone ; bnt it is only at the macula and the part imme- 
diately around it, which is the most sensitive part of 
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rtlie retina, that the cones are so close together as '002 
I mra. ; in the periphery of the field of vision the two 
I points must be further apart to appear distinct. 

It ia probable that rays from two points must fall 
upon two different cones in order to be visible as two 
distinct points. 

The smallest retinal image which can be perceived 
at the macula corresponds to a visual angle of 1', bo 
that two stars separated by an angular interval of 
less than 1' would produce upon the eye the effect of 
one star only. 

The visual angle has been shown to be an angle 
included between two lines drawn from the two opposite 
edges of the object through the nodal point (Fig. 28) . 

Test-types have been consti-ucted upon these prin- 
ciples for determining the acuteness of vision ; Snel- 
len'sbeing those ordinarily used. Every letter is so made 
that when at its proper distance each part of it is sepa- 
rated from the other parts by an interval eqaal to not 
- less than the arc subtending an angle of 1' at the nodal 
I pointj and the whole letter subtending an angle of 5', 




In order to estimate the refi'action by the acuteness 
of vision, the test object must be placed in a ( 
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I light, and so far away as to exclude as moch as pos- 
V Bible tbe acconunodation, 6 metres has been foond to 
be a EoflScieDt distance, and rays coming from an 
object so far oS, may be assumed to be parallel, and 
falling on an emmetropic eye at rest, woald come to a 
focQS on the retina. The smallest letter which can be 
seen distinctly at this distance will represent the 
patient's vision. 

Sttellen's type consists of rows of letters, each being 
marked above with the distance in metres at which it 
fihoold be read. The top letter should be distinct at 
60 metres, the nest at 30, and each sacceeding row at 
24, 18, 12, 9, and 6 metres respectively.* Thepacient 
placed at 6 metres shonld, withont any accommoda- 
tion, be able to read the bottom line with either eye. 
This is expressed in the form of a fraction in which 
I the nmnerator is the distance at which it is read, and 
the denominator, the number of the line. We note 
down the result found for each eye separately, if the 
bottom tine is read, f expresses it ; if the next ^ ; the 
top ife, &c. 

If our patient, however, bo not able even to see 
the large letter at the top, we allow him to approach 
the board, telling him to stop as soon as the letter 
becomes visible. Supposing he stop at 2 metres from 
the board, we express that as ^, if he is not able to 

' The aet of teet-tjpe at tlie end of the book has an additional line 
to those genemllj uted, and is marked 6, eo Chat a ^euter amount of 
vtmal acuteneta than the normal J can be estimated, and is, of course, 
recorded J. This lel of type is aluo con^enieot for tboae »-ho prefer 
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read it at all, we see how far off lie can count fingers. 
If unable to do this, a lower degree of visual acuteness 
is found out by determining the ability to distinguish 
different sorts of light, as to colour, &c. This is called 
" qualitative perception of light,^^ whereas a still lower 
degree is to distinguish the difference between light 
and darkness, this is ^' quantitative perception of 
light." 

Although the capability of reading the bottom line 
at 6 metres is the average of acuteness at different 
ages, yet it is not the maximum, since many young 
people will be found who are able to read line six at 
7 metres, in which case their acuteness is -J. 

Savages also often have an acuteness of vision much 
in excess of the normal. 

Thus we have a standard of normal vision, and a 
convenient method of expressing it in a numerical 
manner. 

We put our patient then, with his back to the lights 
in front of the test-types, which must hang well 
illuminated at 6 metres distance, and having armed 
him with a pair of trial frames, we exclude the left 
eye from vision, by placing in front of it a ground 
glass disc, and proceed to test the right eye by asking 
him, how much of the type he is able to read, if he 
read the line marked 6, then his vision is |- or 1, that 
is to say his distant vision is normal ; we may, there- 
fore, assume the absence of myopia or astigmatism, 
but he may have hypermetropia, and only be able to 
read |^, by using his accommodation, this we decide, 
by holding a weak convex glass (+ '5 D.) in front of 
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the eye^ when^ if he still be able to read the same line 
^, he has hypermetropia^ and the strongest convex 
glass with which f can be read^ is the measure of the 
tnant/e^^hypermetropia; supposing + 1 D. the strongest 
glass with which f can be read^ then we record it thus : 
B. V. I Hm. 1 D. =f . 

I say manifest hypermetropia^ because in all cases 
occurring in young people^ this is not the total hyper- 
metropia ; a great part being latent^ which can only 
be discovered by using atropine. Many cases will 
come before us having two or three dioptres of hyper- 
metropia^ who complain that the weakest convex glass 
impairs distant vision, in these cases the hyperme- 
tropia is wholly latent. 

We may say, therefore, that a patient who is able 

to read ^ must be — 

Emmetropic 

or 
Hypermetropic. 

If hypermetropic, a part of it is usually manifest, 
as found out by the strongest convex glass which does 
not impair distant vision, or it may be wholly latent, 
when it is necessary to atropise the patient before we 
can demonstrate it. 

Supposing, however, our patient's vision is below 

the normal, and instead of reading |, he is only able to 

read, say the third line (^), and that this is blurred 

with a weak convex glass, he may have : 

Myopia, 

Astigmatism, 

or 
Spasm of accommodation (see Chapter IX). 
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We try if a weak concave glass helps him, andif it doesl 
BO, the case is one o£ myopia, and we find the weakest 
concave glass with which he sees best ; thus we take 
an example in which the patient iif a myope and sees 
only j^, but with —2 D-|-, we repeat the examination j 
with the second eye, and record it accordingly. 
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2 D. = I 
2 D. = i 



If our patient is not improved with concave glasses, ^ 
then we assume that some astigmatism ia present, pre- 
■npposing of course that there is no other cause for 
bad vision. 

To estimate this astigmatism we must call to our aid 
some of the methods described in the chapter on as- 
tigmatism, p. 150, or we may find out the spherical 
glass with which he is able to see best, then rotate in J 
front of it a weak convex cylindrical glass; no im-T 
provement occurring we do the same with a weak j 
concave oylinderj iinding thereby, the glass and its 
particular axis, which gives the best result. It is 
necessary that the eye be thoroughly under the influ- 
ence of atropine, in order to enable us to arrive at^ 
definite and reliable results by this method. WithJ 
practice one is able in this way, to work out simple J 
cases of aatigraatism accurately and quickly. 

The object in view ia always to bring up the vision 
of each eye, as nearly to the normal standard of § as , 
possible. Frequently, however, we have to be t 
fled with f or ^. 

Should the case appear, however, to be a difScnld 



ACCTBBE88 OP VISION 

one, it is better perhaps for the stadent not to wasl 
time, bat proceed at once to retinoscopy. 

When trying the patient at the distant type, it is 
often convenient to have two sets on the opposite sides 
of the same board, so that it may be reversed when the 
patient gets too mnch accaatomed to the letters on one 
aide. 

The near type is chiefly used to estimate the accom- 
modation, by finding out the far and near point, at 
which any particular line is read, Snellen and 
Jaeger's are the types most commonly in use, many 
preferring Jaeger's, owing to the letters being of the 
ordinary shapes, but they have the disadvantage, that 
they are not arranged on any scientific plan, but are 
simply printer's type of various sizes : the set of read- 
ing type at the end of the book is so arranged that 
when held at the distance for which it is marked, each 
letter subtends an angle of 5' at the nodal point. It 
mast, however, be remembered that sentences are an 
inferior test to letters, many people recognising the 
words by their general appearance, whereas they would 
be nnable to see distinctly each letter, of which the 
sentence was composed. 

Having tested our patient's vision at the distant 
type and recorded the result, we place in his hand the 
reading type, and note the near and far point at which 
any particular line can be read. 

In cases of myopia we may thus get a valuable hint 
Bs to the amount of the defect ; we will take for an 
example a case, in which the patient could read ^ 
with the right eye, we give him the near type and 
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he can rea^l the smallest, 011I7 by holdiDg it at a | 
nearer point, than the distance for which it is marked, 
we note the greatest distance at which he is able to read 
it ; we will take a case in which the type marked for 
1 metre, cannot be read further oft than 25 cm., our 
patient has then most likely myopia of 4 D., hecauBa 1 
25 cm. is probably his far point. Is this case a glat 
— 4 D. would give to rays coming from a distant point, I 
the same amount of divergence, as if they came from! 
25ein. (^=4). 

We try the patient at the distant type with— 4 
D. ; if he now read f the myopia is confirmed, and the 
weakest glass with which he reads it, is the measure 
of his myopia. 

If the patient read §, but be unable to read the noai I 
type, except it be held at a farther distance than that 1 
for which it is marked, the case is one of paralysis of 
the accommodation or presbyopia; and as the latter 
only commences in emmetropia about the age of forty- 
five, it will be clear according to the age of the patient J 
to which division the case belongs. 

As objects seen through convex glasses appear e 
larged, and through concave glasses diminished, it 
follows that these, when placed before the eye, will 
exercise some influence on the size of the retinal image. 
Now the hypermetropic eye sees objects smaller, and 
the myopic eye larger than the emmetrope, and if 
glasses which are to correct the ametropia be placed 
at the anterior focal point, i. e. about 13 mm. in front 
of the cornea, the retinal image of the ametrope, should ' 
be of the same size as that of the emmetrope. 
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Before leaving this anbject of tlie acuteness of 
visionj the following directions may be given ; 

Ist. The test-type must be in a good light. 

2iid. Commence with the right eye, or that which 
has the best vision, covering up the other with an 
opaque disc placed in a spectRcle frame, and do not be 
contented to allow the patient to close one eye, as he 
may not do so completely, or he will probably uncon- 
sciously slightly diminish the palpebral aperture of the 
eye under examination, whereby the circles of difEuaion 
may be somewhat diminished aud so give misleading 
results. Neither should he close the eye with his 
hand, he may look between the fingers, or exercise 
some pressure, however slight, on the eyeball, which 
may interfere temporarily with the function of the 
retina and so cause delay, 

3rd. Having noticed what each eye sees without 
glasses, always begin the examination with convex ones, 
so as to avoid calling the accommodation into action. 

4th. Having noted the result found for each eye 
separately, we try the two together, the binocular 
yisual acuteness being usually slightly greater than 
that for one eye. 

6th. Teat the patient with the reading type, noting 
the farthest point at which the smallest type can be 
read. 

Scheiner's Method. — Although this plan for detecting 
ametropia is now but little used, it is necessary the 
student should understand the principles upon which 
it is baaed. A diaphragm having two small perfora- 
tions is placed in front of the eye we wish to examine; 
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the perforations must be go near together that rai 
passing through them will enter the pupil (Fig. 
The patient is directed to look at a small flame 
6 metres off; rays emanate from this flame in all 
directions, some fall on the diaphragm, the greater 
number arc thus cut off, but a few rays pass through 
the two openings, and if the eye be adapted for the 
flame, i. e. if it is emmetropic, these two sets of rays 
will meet exactly on the retina, forming there oni 
image of the flame [b. Fig. 36) ; if, however, the ey< 
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be hypermetropic (with suspended accommodation) i 
then the two sets of rays will reach the retina before 
meeting, each set forming an image of the flame (4J 
Fig. 36). The greater the hypermetropia the furtha 
apart will the images be formed ; these are projected 
outwards as crossed images, and the patient bi 
images of the flame. That convex glass (from our 
trial box) which, held behind the diaphragm, causes 
the flame to be seen singly, is a measure of the hyper- 
metropia. If the eye be myopic, then the two sets o 

■ In the above diagTRin, P is represented as h ncnr object with n 
diTBrging from it ; it ihauld be a distunt object with parallel rajt. 
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rays will have crossed and are diverging when they 
reach the retina, where two images of the flame are 
therefore formed (c, Fig. 36). These images are crossed 
again es they are projected ontwards, and having 
twice crossed, homonymous images are the result. 
To tind the amount of myopia we have only to find the 
concave glass which, behind the diaphragm, brings the 
two images into one. To enable us to tell if the images 
are crossed or homonymous, it is usual to have in 
front of one of the perforations a piece of coloured 
glass. We will suppose the diaphragm held so that 
the two openings are horizontal, that to the patient's 
right having in front of it a piece of red glass ; if only 
one flame is seen the case is one of emmetropia, if two 
images of it appear, one white the other red, with the 
red to the left of the other, the images are crossed and 
the case is one of hypermetropia. If the red appears 
on the right then the case is one of myopia. The 
further apart the images are, the greater is the 
ametropia. 
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CHAPTER IV 



THE OPHTHALMOSCOPE 



The Ophthalmoscope famishes ua with eeven 
methods for determining the refraction of the eyes. 

o. The indirect method. 

h. The direct method. 

c. Retinoscopy. 

The Indirect Ucthod. — By the indirect method ■■ 
obtain an inverted image of the disc by means of a bi- 
convex lens placed in front of the eye. In emmetropia 
(Fig. 37) rays coming from A, emerge from the eye 
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parallel, and are focuased by the biconvex lens at a, 
and rays coming from b are focussed at fi, so also with 
rays coming from every part of A b, forming an 
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inverted image of a b at Ii a, situated in the air at the 
principal focus of the biconvex lens. 




In hypermetropia (Fig. 38) the rays from a emerge 
divergent, so also of course those from b ; if these rays 
are continued backwards, they will meet behind the eye 
(at the punctum remotnm) and there form an enlarged, 
inverted image (a ^) oi a b; it is of this imaginary 
projected image, that we obtain by the help of the bi- 
convex lens a final inverted image {b a), situated in 
front of the lens beyond its principal focus. 
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In myopia (Fig. SO) the rays from a and B emerge 
from the eye convergent, forming an inverted aerial 
image in front of the eye at f3 a, its punctum remotum. 
It is of this ima^e we obtain with a biconvex lens 




Btnted w^Ub Ae feev af Ob 

Witb Oaa ■MOodwoare able to detect Oe Eorm 
(rf ametmina, by- tke dvageB lAidi takeplBeein 
size and diape of Ae optie diae, bIwbjs nnem1)enB|f< 
thst the inrerted image of die dnc^ proceed by 
conrex lens ai a cotuB fixed distaiiGe {rom the coriM 
is luf^ in liy pertuetr opia, andsmaDer in myopia, than 
in emtnet^ojaa. He laiB <3«™»M be beld c]o8e to the 
patient's eye, and as it is gndnallj irithdrawD, the 
aerial image of the disc most be steadily kept in view ; 
the rapidity with which any increase or decrease takes 
place in the size of this image, g;iFes as an indicatitm 
of the amonnt of the refractire error. 

If no change takes place in the size of the image on 
thus withdrawing the objective, the case is one of 
emmetropia, becanse rays issae from snch an eye. 



lao ^^^^ 



Z. Kmmetrupic eye. Kuj's issuing puralUI, iamge fom 
the priDGipal focu oi lena, bo matter at what distani 
leni ii from tbe eje. 

parallel, and the image formed by the object-glass will I 
iilwayH bo situated at its priucipal focas, no matter at | 
what distance the glass is from the observed eye (F 
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40). As the relative distance of the image and the I 
object from the lens is the same, the size of the image,j 
will also be the same. 

If diminution take place in the size of the image^ \ 
the case is one of hypermetropia, and the greater the-1 
diminution the higher is the hypermetropia. 

This change in size may be explained by remem- 
bering that in hypermetropia, the image of the disc is ■! 




s. Hypermetropic eye. c. The cent 
Image on retina, a b. Projected image, 
imag* formed bj the olijectiTe, 



projected backwards (Fig. 44), and it is of this pro- 
jected image, we obtain a final image with the hel^ oi 
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the objective. The two diagrams show images formed 4 
by the object glass, when held at 4 cm. and at 12 cm... 
from the cornea, the latter image being the smaller. 

The following explains this : 

The ratio of a /3 to a 6 varies directly as the length 
c a, and inversely as the length c n ; on withdrawing 
the lena c from the observed eye, c a diminishes and 
c a increases ; therefore the ratio of a j3 to a 6 dimi- 
nishes, i. e. the size of the image diminishes. 

If the image become larger on withdrawing the 
object-glass, the case is one of myopia, the greater 
the increase of the image, the higher the myopia. 

This increase in the size of the image can also be 
explained with the help of mathematics, remembering 
that, in myopia, an inverted image is formed in front 
of the eye (Fig. 45), and it is of this we obtain an 
image, with a convex glass placed between the eye 
and the inverted image, which we must regard as the 
object ; the object and its image being both on the 
same side of the lens. 

In astigmatism the disc, instead of appearing ronnd, 
is frequently oval. If one meridian decrease, while 
the other remain stationary as the objective is with- 
drawn, it is a case of simple hypermetropic astigmatism. 
If the whole disc decrease in size, one meridian dimi- 
nishing more than the other, it is compound hyper- 
metropic astigmatism, the meridian being most hyper- 
metropic which diminishes most. 

Increase in one meridian, the other remaining 
stationary, indicates simple myopic astigmatism. 

Jncrease in disc, but one meridian more so than the 
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other, indicates compound myopic astigmatism., that 
meridian being most myopic which increases most. 

If one meridian increase while the other decrease, 
mixed astigmatism is our diagnosis. 

The Direct Uethod. — By the direct examination we 
obtain much more important information, not only of 
a qualitative but also of a quantitative character. 

The observer first of all corrects any ametropia that 
may exist in his own eye. If he be able to see the 
disc or some of the vessels, with the mirror alone at a 
distance from the patient, the case is one of hyper- 
metropia or myopia. The explanation of this is, that 
in emmetropia (Fig. 43) the rays which come from the 




two extremities of the disc (a u), emerge as two seta 
of parallel rays in the same direction as the rays A C, 
, which, having passed through the nodal point, 
undergo no refraction. These two sets of rays soon 
diverge, leaving a space between them, so that an 
observer, unless he be quite close to the observed eye, 
is unable to bring these rays to a focus on his retina j 
and therefore, at a distance from the eye the observer 
sees only a diffused and blurred image. 
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In hypermetropia {Fig. 44), the rays from the two 
pointHAB, emerge from the eye in two seta of diverging 
rays, in the same direction as the rays a c, B d, which 
nndergo no refraction. These diverging rays have the 
appearance of coming from two points {a, h) behind the 
eye, where an erect imaginary image is formed {a 6). 
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The more the rays diverge on exit, the sooner they 
will meet when prolonged backwards ; and hence, the 
greater the hypermetropia, the nearer will the image 
be to the nodal point, 

The observer at a distance sees a clear, erect image, 
which is formed behind the eye. 
Fig. 45. 

1. In myopia (Fig. 45), the rays from the two points (a 

I b) emerge as two converging sets of rays, which meet at 




ab on their secondary axes, thus forming a.n inverted 
image in front of the eye. This image can be dis- 
tinctly seen by the obBerver, if he be at a sufficient 
distance from the point, and accommodating for the 
particular spot at which the aerial image is formed, 
and the higher the myopia the nearer to the eye will 
this image be formed. 

If the observer now move his head from side to side, 
and the vessels of the disc are seen to move io the 
same direction, the casewould be one of hypermetropia, 
the image formed being an erect one. 

Had the vessels moved in the opposite direction to 
the observer's head, the case would be one of myopia, 
the image being an invei-ted one formed in the air in 
front of the eye. 

If the vessels of one meridian only are visible, then 
we have a case of astigmatism, hypermetropic if 
moving in the same, and myopic if moving in the 
opposite direction to tho observer's head, that meri- 
dian being ametropic which is at right angles to the 
vessels seen. 

In mixed astigmatism the vessels of one meridian 
move against the observer's movements, and those of 
the other meridian with tbem ; this ia difficult to see. 

Thus we have obtained an indication of tho form of 
ametropia. We may however, estimate the amount 
of error, by means of a refracting ophthalmoscope, of 
which there are many. 

In endeavouring thus to estimate the refraction, 
it is essential that the accommodation of both the 
patient and observer be suspended. The observer 



72 THE RBFRACTION OP THE BTB 

places both himseli and the lamp on the same 
side B.S the eye he is about to examine, then with 
the mirror close to the patient's eye, so that the 
ophthalmoscope may occupy as nearly as poaaible the 
position of the spectacle glass, he looks for the disc. 
We really wish to estimate the refraction at the 
macula, bnt to this there are several obstacles : the 
light falling on this, the most sensitive part of the 
retina, has a very dazzling, unpleasant effect for the 
patient, and causes the pupil to contract vigoroosly, the 
reflex from the cornea and the lens is exactly in the line 
of vision, and further, there are no convenient vessels 
in this part, which we may fix as test objects, whereas, 
the disc is but little sensible to light, and the vessels 
of this part, as well as the margins of the disc itself, 
are very convenient for our purpose; and although 
occasionally the refraction of the macula and disc are 
not exactly the same, still, practically it is sufficiently 
accurate to take that of the latter. Having relaxed 
the patient's accommodation by making the examina- 
tion in a dark room, and directing him to look with 
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the eye not under examination into space, or, what 
better, having paralysed it by atropine, then, if thi 
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observer's own accommodation be suspended, and the 
image of the disc appear quite clear and distinct, the 
case is one of emmetropia. This we know, because rays 
coming from an emmetropic eye (Fig- 46 e) in a state 
of repose, issue parallel according to the law of conja- 
gate foci, and the observing eye receiving these rays 
will, if emmetropic with its accommodation suspended 
(which often requires great practice), be adapted for 
parallel rays, so that a clear image of a in the observed 
eye, will be formed at b on the retina of the observing 
eye. 

Supposing the image does not appear clear and dis- 
tinct without an effort of accommodation, then we turn 
the wheel of the ophthalmoscope so as to bring for- 
ward convex glasses in front of the observing eye. 
The strongest positive glass with which we are able to 
get a perfectly clear image, is a measure of the hyper- 
., because rays coming from a (Fig. 47) in the 
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hypermetropic eye (h) issue in a divergent direction as 
though coming from E, the punctum remotum behind 
the eye. The convex lens (l) renders them parallel and 
they then focas at b, on the retina of the observing 
emmetropic eye (e). 
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In practice many observers find it difficult or im'\ 
poBsible to tell if their own accommodation be com- 
pletely relaxed, so that if they see clearly the disc of 
the patient onder examination, they do not at once 
assame that he is emmetropic, bat only do so, on find- 
ing that the weakest convex glass behind the ophthal- 
moscope impairs the clearness of the image. 

If, however, the image of the disc appear indistinct, 
and the convex glass, instead of rendering the image 
clearer, have the opposite effect, we must torn the 
wheel of the ophthalmoscope in the other direction, 
and so bring forward the concave glasses. The weakest 
with which we can see the details of the fundus clearly 
is a measure of the myopia, becarwe any stronger glai 
merely brings into play the accommodation of tbea 
observer. Rays from a (Fig. 48) leave the myopieV 




eye (m) so convergent, that they would meet at (e) the 
punctom remotum. The concave lens (l) renders them 
parallel before falling on the relaxed eye (e) of tha^ 
observer. 

If the ophthalmoscope is not held very close to 
the eye, we must deduct from the focal distance of 
the lens, the distance between the cornea and the in- 
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Btrument in hypermetropia, adding them together in 
myopia. 

If astigmatiBiQ exist, the plan is to find the glass 
whicli enables the vertical vessels and lateral sides of 
the disc to be seen distinctly, and then the glass with 
which the vessels at right angles are best seen. 

Suppose the vertical vessels and lateral sides of the 
disc appear distinct without any glass, then the hori- 
zontal meridian, i. e. the meridian at right angles to 
the vessels clearly seen, is emmetropic ; and suppose, 
also, that the horizontal vessels with the upper and 
lower borders of the discs, require a convex or concave 
glass to render them clear and distinct, then, the ver- 
tical meridian is hypermetropic or myopic, and the 
case is one of simple hypermetropic or myopic astig- 
matism. 

If both the vertical and horizontal vessels require 
convex glasses, but a stronger one for the horizontal 
than for the vertical, then the case is one of compound 
hypermetropic astigmatism, the vertical meridian 
being the more hypermetropic. 

If both meridians had required concave glasses, but 
of different strengths, then the case would be one of 
compound myopic astigmatism. 

If the vertical vessels and the lateral sides of the 
disc require a convex glass to render them distinct, 
while the horizontal vessels require a concave glass, 
the case is one of mixed astigmatism, the horizontal 
meridian being hypermetropiCj the vertical meridian 
myopic. 

The essential point to remember is, that the glEias 
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with which the vessels in one direction are seen, is a 
measure of the refraction of the meridian at right 
q^ngles to them. 

The estimation of the refraction by the direct oph- 
thalmoscopic method is exceedingly valuable, but re- 
quires great practice. In cases of hypermetropia 
and low myopia, one is able to estimate the amount of 
error within half a dioptre, and in cases of astigmatism 
where the chief meridians are horizontal and vertical, 
one can come very near the exact correction, and 
without subjecting the patient to the inconvenience of 
having his accommodation paralysed with atropine, 
which in many cases is of great advantage; some 
observers are able to find out the exact meridians, 
even when oblique, and estimate correctly the most 
difficult cases of regular astigmatism ; in such I must 
say that I have found this method of examination give 
less satisfactory results than retinoscopy, and I never 
venture to order glasses for astigmatism on the result 
of my direct ophthalmoscopic examination without 
confirming the result by some other method, but lam 
aware that some ophthalmic surgeons do so. No doubt 
the direct ophthalmoscopic examination requires much 
greater practice than any other method of examina- 
tion ; probably many observers can never relax their 
accommodation so completely as to give satisfactory 
results. It is also an additional advantage that one 
can estimate the refraction at the same time that one 
makes an examination of the fundus. 

The comparison of the direct and indirect methods 
of examination is also very useful in astigmatism. If, 



for instance, she disc is elongated horizontally in the 
erect, and oval vertically in the inverted image, we 
know that the ourvatare of the cornea is greater in 
the horizontal than in the vertical meridian (see Figs. 
81 and 82). 

The ametropic observer must always remember, 
when using the direct method, for the estima.tion of 
errors of refraction, that he mast correct his own 
defect, either by wearing spectacles or by having a 
suitable glass in a clip behind hia ophthalmoscope ; 
he is then in the position of an emraetrope : but, if he 
prefer it, he may subtract the amount of hia own hyper- 
metropia or myopia from the glass with which he sees 
clearly the patient's discs. Thus, if the observer have 
2 D. of hypermetropia and require + 3 D, to see the 
fundus clearly (3 D. —2 D. = 1 D.), the patient would 
have 1 D. of hypermetropia; bad he required —2 D. 
then (-2 D. + (-2 D.) = —4 D.) the observed 
would have 4 D. of myopia, 

The same with the myopic observer, if his myopia 
amount to 3 D., then he will require —3 D. to see 
clearly the emmetropic fundus ; if he sees well without 
a glass, then the eye under examination has 3 D. of 
hypermetropia; ifherequirea +2 D., then the hyper- 
metropia will be 5 D., and so on. 

Ametropia may also be easily recognised in the 
following manner; the fundus being illuminated by a 
mirror about 1 metre from the patient, if the eye be 
emmetropic the rays of light will return parallel to one 
another, and a red reflex can only be obtained when 
the observing eye is in the path of these rays, that is. 
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behind the perforation of the mirror. If hyperme- 
tropic the returning rays will diverge {Fig. 49), and 
the observer will notice as he moves his eye (b) from 




behind the mirror at h, (and at right angles to the 
visual axis of the patient who shonld fix on the centre 
of this mirror,) that the last ray of light (a' b') is seen, 
or, in other words, the red reflex disappears, on the 
same side of the pupil as that to which the observer 
moves his head. If myopic, the rays will converge, 
cross, and diverge (Fig. 50) ; when the error is 1 D. 
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or more, the last ray of light is seen, or the red reflex 
disappears on the opposite side of the pupil. A single 
trial of this will prove its correctness. 

The endeavour to estimate the amount of myopia or 
hypermetropia by measuring the distance between the 
perforation of the mirror, and the point at which the 
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last ray was seen^ has been unsuccessful^ owing to the 
varying size of the pupil. 

The ophthalmometer of Javal and Schiotz and 
Tweedy's optometer, can, I think, be more conveniently 
considered when treating of astigmatism. 
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CHAPTER V 

RETINOSCOPY 

Retinoscopy or the shadow test is deservedly one of 
the most popular methods of estimating refraction 
here^ though in some countries it is less used than the 
direct method. 

The chief advantage is that it is entirely objective, 
and is therefore very useful in the cases of young 
children, in those that are amblyopic, and in malin- 
gerers : besides, the method is very easily learnt and 
quickly carried out, saving much time in difficult 
cases of astigmatism. 

If light be reflected into the eye by means of a con- 
cave mirror, at a distance of a metre or so, an observer 
looking through the sight hole of the mirror will notice 
the ordinary red fundus reflex ; on slightly rotating the 
mirror the illuminated area of the pupil may disappear 
(or, what may be more easily seen, the edge of the 
shadow bounding this illuminated area may appear), 
on the same side as the rotation or in the opposite di- 
rection, according to the refraction of the eye under 
observation ; thus if the mirror be rotated to the right 
and the edge of the shadow move across the pupil also 
to the right, i, e, in the same direction as the rotation 
of the mirror, the case is one of myopia, whereas if 
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the shadow had moved in the opposite direction to the 
mirror, the case would be one of hypermetropia. 

This method of employing retinoscopy is so simple 
that a few practical trials will suffice to make it under- 
stood, although, of course, as in all other manipulations, 
some little practice is required in giving to the mirror 
the necessary movements, and enabling one to appre- 
ciate what is seen. 

Atropine is not absolutely essential ; still, when we 
have to examine young people and children, its use is 
most certainly advisable. In the first place, the con- 
sequent dilatation of the pupil renders our examination 
so much easier ; and secondly, atropine helps us to a 
more definite conclusion by thoroughly paralysing the 
accommodation ; for although the examination takes 
place in a dark room, and with the patient looking 
into distance, it must be remembered that there is 
often (especially in the case of children) some accom- 
modation, due to the normal tone of the ciliary 
muscle, or to a condition of spasm common in 
hypermetropia and myopia — ^it also enables us easily 
to detect small degrees of astigmatism which fre- 
quently exist, and but for this method, would prob- 
ably escape notice. 

Another great advantage of atropine is that it 
allows the refraction at the macula to be measured, 
whereas when the pupil is not dilated we have to be 
satisfied with the refraction at the optic discs, which 
may occasionally vary considerably from that found at 
the macula; and the estimation of the refraction at 
the Tnft^^ln- constitutes one of the chief advantages that 

6 
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retinoecopj- pouesees over the measurement obtmined 
hy the direct method. 

To examine the patient then, we dilate his pupils, 
and Beat bim in a dark room, with a lamp placed orer 
biii head, so far back that it throws no direct rays 
upon his face, and consequently requires no moving 
during the examination of either eye. Then the 
observer takes np a position about 120cm. in front of 
the patient, and directing him to look at the perfora- 
tion in the mirror, which should be a concave one and 
of 25 cm, focus, he will be enabled to reflect the light 
along the visual axis, and thus obtain the ordinary red 
fundus refiex. 

IE atropine has not been used, this procedure will 
cause the pupil so to contract, that it will be difficult 
to see the shadows, and in that case the observer must 
make the patient look a little inwards, so that the 
light may be reflected along the optic axis. If we now 
I'otate the mirror slightly from side to side on its 
vertical axis, vre see a shadow come out from behind 
the pupil, moving horizontally across the illuminated 
part. The edge o£ this shadow may be linear or 
somewhat crescentic ; its direction may vary, being 
either vertical, or oblique if astigmatism exist. The 
shadow moves either in the same or the opposite 
direction to the mirror, so that when the latter is tilted 
to the right, the shadow may come from the left, or 
vien versa.. 

Thus, assuming the shadow's edge to be vertical, if 
it move with the mirror, the case is one of myopia; 
but if it move against or in the opposite direction to 
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the mirror, it ia either one of hypermetropia, emme- 
tropja, or low myopia. 

What is this shadow whose edge we see ? How 
and where is it formed ? and what influences its move- 
ments and clearness ? 

To enable us to answer these questions we will place 
before a screen a convex lens, at euch a distance from 
it that converging rays from a concave mirror, havings 
crossed and become divergent, are bronght to an exact 
focaa, and there is then formed a very small, erect, 
well-defined image on the screen of the lamp, from 




mcave mlTriir. *. Tho uaiidle. c 
d. Small imuge of candle formed o 
Dense shad on- around. 



which the concave mirror received its rays; erect, 
because it has suffered two inversions. 

This image of the lamp is surrounded by a sharply 
defi-ued and dense shadow. 

If we move the lens nearer to, or farther from the 
screen, the area of light becomes larger, and the 
illumination feebler, owing to the circles of diffusion 
OQ the screen. 
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The tnuTor being roCaled oa its vertical axia, the 
tnage of tlie candle, with the smroanding shadow. 




will always be foand to move in the opposite direction 
to the mirror, whatever be the distance of the lens 
from the screen. 



tr«iiiili«> of the (lotted line have moved in tbe opposite 
directinn to the rotatiaa of the mirror. 



ThiB IB exactly what takes place in the eye, of which 
our screen and lena are a representation. 

It may therefore be stated, that the illumination 
and shadows which we see, are an enlarged image 
vf the lamp with the surrounding shadow, brought 
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more or less to a focus on the retina according to the 
refraction of the eye. They always mo?e against the 
mirror, but aa these movenaents are seen through the 
transparent media of the eye, and thereby undergo 
refraction, the " apparent" may differ from the " real" 
movements. The image we see of the lamp, and its 
surrounding shadows, are formed in the same manner 
as all other images; and it may here be well to repeat 
what has already been said with regard to the forma- 
tion of these images. 

In emmetropia the image is formed at infinity, thus 
the rays which come from the two extremities A, B, 
emerge as two sets of parallel rays, in the same direc- 




tion as the rays A C, b d j which, having passed through 
the nodal point, undergo no refraction. These two 
sets of rays soon diverge, leaving a space between 
them, BO that an observer, unless he be quite close to 
the observed eye, is unable to bring these rays to a 
focus on his retina ; and, therefore, at a distance from 
the eye the observer sees only a diffused and blurred 



In hypermetropia the image is formed behind t] 
eye, thus, the rays from the two points, A, B, emerj 
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from the eye in two sets of diverging rays, in the 
same direction as the rays a c, b d, which undergo 
no refraction. These diverging rays have the appeaiv 
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ance of coining from two points, a, b, behind the eye, 
where an erect image is formed, a h. 

The more the rays diverge on exit, the sooner they 
will meet when prolonged backwards ; and hence, the I 
greater the hypermetropia, the nearer will the image 
be to the nodal point. 

The observer, at a distance, sees a clear, erect image^ 
which is formed behind the eye. 

In myopia an inverted image ia formed in the air 




n front of the eye, thus, the raya from the two points, 
I, B, emerge as two converging sets of rays, which 
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meet at a, 6, on their secondary axis, thus forming an 
inverted image in front of the eye. This image can 
be distinctly seen by the observer, if he be at a suffi- 
cient distance from the point, and accommodating for 
the particular spot at which the aerial image is formed. 

We have already seen that the real movements of 
the shadows on the retina are against the mirror. 

In hypermetropia the final image of the candle and 
its sari-onnding shadow, produced by the concave 
mirror, is an erect one formed behind the eye, and as 
it is viewed through the dioptric system of the eye, it 
therefore moves against the min-or. 

In myopia the final image is an inverted one, pro- 
jected forwards. This, therefore, moves with the 
mirror, it having undergone one more inversion. 

To this rule, that in myopia the image moves with 
the mirror, there are two exceptions : 

1st. If the observer be nearer the patient than his 
far point, but not within the focal distance of the 
mirror, the image will move against the mirror. This 
is frequently the case in low degrees of myopia, where 
the patient's far point is beyond 120 cm. 

2nd. If the observer be within the focal distance of 
the mirror, although beyond the far point of the 
patient, the image will in this case also move against 
the mirror. This latter source of error can always be 
avoided, by using a concave mirror of 25 cm, focus, 
and keeping 120 cm. from the patient. 

Therefore, if the image move with the mirror, the 
case is certainly one of myopia. If it move against 
the mirror, it ia most likely one of hypermetropia ; 
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but it may be emmetropia, or a low degree 
myopia. 

The movements tell us the form of ametropia 
have to deal with. The extent of the movements on 
rotation of the mirror, the clearness of the image and 
the brightness of its edge, enable ua to judge approxi- 
mately the amount of ametropia to be corrected; 
some practice, however, is required before we can 
form an opinion with anything like accuracy. 

The extent and rate of movement is always in 
inverse proportion to the ametropia ; the greater the 
error of refraction, the leas the movement, and t1 
slower does it take place. This may be explained h 
the following way : 

Suppose A to be the image of a luminous point 
foi-med on the retina, and that a line be drawn from & 
through the nodal point b to c. Now, if the case 
one of myopia (Fig. 57), an inverted projected imi 
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of A is formed somewhere on this line, say at c. The 
higher the myopia, the nearer to the nodal point will 
this image be ; and hence we may suppose it formed 
as near as D. If the mirror be now rotated, so that it 
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takes up the position of the dotted line m', c will have 
moved to c, and T) to d; whence it is clear, that c has 
made a greater movement than d. 

Had the case been one of hjpermetropia (Fig. 58), 
the image wonid have been projected backwards, and 




as in myopia, the higher tlie degree of hypermetropia, 
the nearer to the nodal point is the image formed. 

In this case, the line from the nodal point b to A is 
prolonged backwards, and the image of the luminous 
point in a low degree of hypermetropia is formed, 
say at C, and in a higher degree, say at D. On moving 
the mirror into the position of the dotted line m' ; o 
moves to c and d to d ; whence it is clear that c has 
made a greater movement than d. 

Therefore, as the ametropia increases, the extent 
of the movement of the image decreases. The clear- 
nesB of the image and the brightness of its edge 
decrease, as the ametropia increases. 

It was shown in Fig. 51, that on placing before 
a screen a convex lens at snch a distance that con- 
verging rays from a concave mirror, having crossed 
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and become divergent, are brought to an exact 
foons, forming a small, erect, well-defined image 
on tlie screen of the lamp from which the concave 
mirror received its rays. On moving the lena 
nearer to or farther from the screen, the larger 
becomes the area of light, and the feebler the illami- 
nation, owing to the circles of diffusion formed on 
the screen. 

Therefore, in the case of the eye, the greater the 
ametropia, the larger is the circle of diffusion and the 
weaker the illumination, so that the image we see, is 
less bright and its edge less distinct. 

It is, therefore, in the lower degrees of ametropia 
that we get the brightest and best-defined shadows ; 
and when we thus see them, we may assume that we 
are approaching the stage of correction. 

Having thus answered the questions concerning 
the shadows which we see in retiooscopy, we are in 
a position to pnrane further the practical working 
of the subject, with special reference to the correc- 
tion of any existing error of refraction by glasses. 

The patient, then, being seated in the dark room, 
the pupils dilatod, and the lamp over his head, as 
before described, we take up onr position 120 cm. 
in front, with a concave mirror of 25 cm. focna {a 
Galezowaki mirror is the one commonly used, and ia 
found convenient). The patient is then directed to 
look at the centre of the mirror, so that the light 
from the lamp may be reflected along the visual axis. 
On looking through the perforation of the mirror, we 
get the ordinary fundus reSex, bright if the patient 
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be emmetropic, less ao if he be ametropic, and the 
greater the ametropia, the leas bright will the fundus 
reflex he. We now rotate the mirror on its vertical 
axis to the right. If a vertical shadow come acroaa 
the pupil from the patient's right, i. e. in the aame 
direction as the movement of the mirror, or what is 
the same thing, if the shadow move in the same direc- 
tion as the circle of light on the patient's face, the case 
is one of myopia. Should the edge of the image 
appear well defined and move quickly, in addition to 
a bright fundus reflex, we infer that the myopia is of 
low degree and proceed to correct it. 

Each eye must of course he tried separately. 

The patient having put on a pair of trial spectacle- 
frames, we place a weak concave glass, say — 1 D., 
before the eye we are about to correct. If the image 
still move with the mirror, we place in the frame 
— rS D., then —2 D., and so on, until we find the 
point at which no distinct shadow can be seen. 
Supposing this to he —2 D., and that on trying —2*5 
D. the image move against the mirror, —2 D. ia 
assumed to he the correcting- glass. This, however, 
will be found not to be the full correction of the 
myopia, because, being situated at 120 cm. from the 
patient, when his far point approaches that distance, 
we are unable to distinguish the movements of the 
shadow; and when the far point of the observed, 
though not situated at infinity, is still at a greater 
distance than the observer, we get a shadow moving 
in the opposite direction. Hence it is customary in 
cases of myopia to add on —'5 D. to the correcting- 
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glass, and this would give us —2-5 D. as the propei 
glass for our case. 

In correcting myopia, it is a convenient and reliabli 
plan to stop at the weakest concave glass which makes 
the image move against the mirror, and put that down 
a8 the correct in g-glas 8. 

When the myopia is of high degree and a strong 
concave glass has to be used for its correction, the 
light reflected from the mirror is so spread out by the 
concave glass, that fewer rays pass into the eye, and 
therefore the illumination is not so good as in other 
states of refraction. 

Had we obtained a reverse shadow, we should then 
try convex glasses, when, if + "5 D. neutralised, we 
should assume the case to have been one of low myopia. 
Had it required +1 D., then it would be one of 
emmetropia; above this, hypermetropia. We proceed 
exactly as before, putting up stronger and stronger 
glasses, until we are unable to make out the move- 
ments of the image. This is assumed to be the 
correcting-glass, and, just as in the above case the 
myopia was under- corrected, so in this, the hyperme- 
tropia is slightly over- corrected ; and hence it is usual 
to deduct from this glass + 1 D., or we may stop at 
the strongest convex glass with which we still get a 
reverse shadow. 

To sum up, therefore, if the shadow move with the 
mirror, it is a case of " myopia;" if against, it maybe 
weak myopia if -I- '5 D. cause the image to move with 
the mirror ; emmetropia if 4-1 D. neutralised it ; 
hypermetropia if a stronger glass is required. 
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The points to be observed, are — (1) the direction of 
the movement of the image, as indicating the kind of 
ametropia: (2) the rate and amount of movement, (3) 
the brightness of the edge of the image, (4) and the 
amount of fundus reflex alt indicate the degree of ame- 
tropia. 

We have taken notice only of tlie horizontal axis, 
but any other meridian will, of course, do equally well, 
if the case be one of hypermetropia or myopia simply. 
If, however, the case be one of astigmatism, then the 
axes are different. 

In astigmatism, the flame of the candle on the 
retina, instead of being, as in emmetropia, a small 
well-defined image, or as in myopia or hypermetropia, 
a circle of diffusion, is distorted so as to be more or 
less of an oval form, according to the position of the 
retina and the maximum and minimum curvatures of 
the cornea. 

In the normal eye, the focus of the vertical meridian 
of the cornea, is slightly shorter than that of the 
horizontal. So long as no impairment of vision 
occurs, the eye is said to be normal. When, however, 
the acuteness of vision is diminished, then astig- 
matism is said to exist. 

Parallel rays, passing through a convex spherical 
lens, disregarding some slight irregularities due to 
aberration, form a cone, any section of which, per- 
pendicular to its axis, will be a circle. The size of 
the circle depends upon the distance of the point at 
which the lens is from its focus. If beyond the focus 
the cone ba divided, as in myopia, the lays having 
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crossed and become divergent, a, circle of difEnsion isfl 
formed on the retina. In hjpermetropia the cone io 
divided before having come to a focus, and thus 
forms a diffusion circle. But in astigmafciem the 
divided cone is circular only at one point. No. 4 
in Figa. 71 and 72. To explain this, we place in 
front of the convex spherical glass, a weak convex 
cylindrical glass, with ita axis horizontal. The result 
of this is, that parallel raya passing through this com- 
bination do not form a circular cone, because the raya 
which pass through the vertical meridian, come to a 
focus before those passing through the horizontal, aa 
shown in Fig. 71. 

The ray being divided at 1, an oblate oval is 
formed; at 2 a horizontal straight line, the vertical 
rays having come to a focus ; at 3, 4, 5 the vertical 
rays have crossed and are diverging, and the hori- 
zontal rays are approaching; at 4, a circle is formed; 
at 6, a vertical straight line, the horizontal raya 
having met and the vertical still diverging ; a large 
prolate ellipse is formed ab 7. 

So that in astigmatism, the image on the retina is 
more or less of an oval, instead of being either a 
small well-defined image of the candle, or a circle of 
diffusion, according to whether the eye be emmetropic, 
myopic, or hypermetropic. This oval may have its 
edges horizontal and vertical, frequently, however, 
they are more or less oblique. 

The oblique movements of the shadow, are inde-J 
pendent of the direction in which the mirror isH 
rotated. 



This obliquity is produced thus : {Fig. 59) if behind I 
a circnlar opening, which is to represent the pupil, we I 
place obliquely an oval piece of card, which is to re- I 
present the image on the retina, so that that part of its 1 
edge, which occupies with regard to the circular opening I 
an oblique position ; on moving the card across in the | 
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direction o d, it has the appearance of moving in the 1 
direction, C o, at right angles to the edge of the card. 
Hence the direction of the shadow's movement is 
deceiving, and its oblique edge is due to the fact 
that only that edge which coincides in direction 
with one of the principal meridians is seen well de- 
fined by the observer, Thei'ef ore the apparent move- 
ments are always at right angles to the edge of the J 
shadow. 

The same takes place in astigmatism, the two chief 1 
meridians of which, are parallel and perpendicular to 
the shadows. In retinoscopy, therefore, when the 
edge of the image is oblique, we know at once that 
the case ia one of astigmatism. If, however, it should 
be horizontal or vertical, we judge if one shadow 
be more distinct or quicker in its movements than the j 
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other, though we are not always able to say at oact 
that AAtigmatism existii. We therefore proceed to I 
correct one meridian. If the shadow move against in 
all meridianB, we first take the vertical, and pat up in 
front of the patient, in a spectacle- frame, convex 
Hpberical glaasee, antil we find the strongest with 
which the shadow litill moves against the mirror. 
Wb pat this down as the correc ting-glass for this 
meridian, and let us suppose that glass to be + 2 D. 
We next take notice of the horizontal meridian, and 
if -f 2 D. is also the highest glass with which we still 
get a reverse shadow, then of course we know the case 
is one of simple hypermetropia. But supposing the 
highest convex glass had been + 4 D., we indicate it i 
conveniently thus ; 



The case is one of compound hypermetropic astigi 
ttsm, and should require for its correction -|- 1 
spherical combined with + 2 D. cylinder axis van 
tioal. 

We will take another case — that in which the v 
ottl meridian requires — 2 D. to give a reverse shadow, ' 
and the horiKontal + 2 D., this being the highest I 
glass with which we still obtain a reverse shadow, f 
Uere we have a case of mixed astigmatism which caal 
be corrected in oiihcr of the three following ways : 

Ist. — 2 D. cylinder axis horisontal combined witlij 
+ 2 D. cylinder axis vertical ; this is a plan seldom! 
used, and is not so easy to work with as a sphere andfl 
A cylinder. 



EKTDfOaCOPT 

2nd. —2D. sphere combined with + 4 D. cylinder 
axis vertica], or 

3rd. + 2 D. sphere combined with — 4 D. cylinder 
axis horizontal. This last is perhaps the preferable 
plan. Opticians like working — cylinders on to 4- 
spheres, rather than + cylinders upon — spheres. | 

Supposing the axis of the shadow to be oblique, we 
know at once that astigmatism exists, and we proceed 
to correct each meridian separately, moving the mirror 
at right angles to the edge of the shadow, not hori- 
zontally and vertically. We judge of the amount of 
obliquity by the eye, and can frequently tell within a 
few degrees. If the vertical meridian be 20° out, 
and require for its correction — 2 D., and the axis 
at right angles to this (which will be therefore at 
110°) require — 3 D. we express it as Fig. 60, and 
correct it with sphere — 2D. combined with cylinder 
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— ID. axis 20", the case being one of compound 
myopic astigmatism. 

Often one is able to put np the cylinder in the 
spectacle-frame with the exact degree of obliquity. 

Having found the glasses which correct the two 
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meridians, we put up the combination in a spectacle 
trial frame, and if we now get only a slightly reversed 
shadow in every direction, the glasses are assumed to 
be the right ones, and we proceed to confirm it by 
trying the patient at the distant type, making any 
slight alterations that may be necessary. 

I cannot too strongly recommend the use of atropine 
in solution, gr. iv to 5ji frequently dropped into the 
eyes for three days prior to the examination, so as 
thoroughly to relax the accommodation. It can be 
nsed without fear, and without a great amount of in- 
convenience in most young people under twenty years 
of age. I have worked oat a great many cases of 
astigmatism, and feel more and more the necessity of 
using this drug to enable one to arrive at exact results, 
I might almost say, that I have never seen a young 
person whose astigmatism has been worked out with- 
out atropine wearing the right correction; and the 
inconvenience entailed upon the patient for two weeks 
by its use, is not to be compared to the trouble and 
asthenopia from which he or she is so liable to suffer, 
if the glasses worn are not the proper ones. 

In old persons with small pupils, in whom it is 
difficult to see the movements of the shadow, and in 
whom solutions of atropine of the ordinary strength 
are dangerous, on account of the occasional occurrence 
of that much dreaded disease "glaucoma," which has 
been clearly traceable to its use, I have often found it 
convenient to dilate the pupil with homatropine in 
solution, gr. ij to 3j oi water, or with an exceedingly 
weak solution of atropine ^ gr. to Jj o£ water. 
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I ■will now briefly describe two modification a of 
retinoBcopy whicli have been Bnggested and carried 
ont. 

First, Mr. Stoiy Las proposed the use of a plane 
mirror, in the place of the concave one already de- 
scribed; it certainly possesses several advantages and 
is preferred by many surgeons. 

With this mirror the movements of the shadow are 
in the same direction as those of the disc and blood- 
vessels, as seen by the direct ophthalmoscope at a 
distance from the eye (page 71), viz. in the same 
direction as the observer's movements in byperme- 
tropia, and in the opposite direction in myopia. 

No additions or sabtractiona have to bo made to the 
glass foand by this method. 

The disadvantage is the distance at which the 
observer must work, viz. 4'5 metres from his patient. 

The second modihcation of retinoscopy has been 
proposed by Dr. Jackson, of Philadelphia, who aaes a 
plane mirror, and thus describes the practical appli* 
cation of this modification in the various states of 
refraction. 

" Simple myopia. — Rays of light from any given 
point of the retina emerge from the myopic ej'e con- 
vergent, and meet at the point in front of the eye, for 
which the eye is optically adjusted. The accommo- 
dation being in abeyance, this will be the far point of 
distinct vision. So that there is formed at the far 
point of the myopic eye an inverted image of the 
retina. If now the eye of the observer be placed 
se^ the patient's eye and its far point, there will 
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be seen an erect image of tte patient's retina ; but if 
the observer view tbe patient's eye from somewhere 
beyond its far point, he will see, not an erect image, 
but the inverted image formed at that far point. In 
the first case the boundary of light and shade which 
marks the border of the retinal area will appear to 
move with the facial area ; in the second case, against 
it. In practice the surgeon begins the examination 
somewhat more distant from the patient than the far 
point of the eye under examination. Then he slowly 
approaches the patient, all the while watching the 
apparent movement of the retinal area produced by 
slightly rotating the mirror from side to side about its 
axis. As long as this apparent movement is opposed 
to that of the facial area, the surgeon knows he is 
watching the inverted image at the patient's far point. 
Presently, however, the direction of the movement of 
the retinal area cannot be distinguished, the far point 
has now been reached ; and coming still closer the 
apparent movement again becomes distinct, but is seen 
to correspond in direction with the real movement, the 
far point has now been passed, and the patient's retina 
is being viewed in the erect image. By noting the 
point at which this reversal occurs, the surgeon notes 
the far point of the eye under observation ; by measur- 
ing the distance from this point of reversal to the eye, 
he measures the distance from the patient to his far 
point of distinct vision ; and the reciprocal of this 
distance, of course, expresses the degree of his myopia. 
Thus, supposing the point of reversal to be one-fourth 
of a metre in front of the eye, one divided by one- 
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fourth equals four, the number of dioptres of myopia 
present. 

" Theoretically, the method as now described h com- ' 
plete, but for convenience and accuracy in its applica- 
tion, one or two other points mnat be attended to. 
When the observer's eye has come quite close to the 
patient's, say to within one-eighth of a metre, and the 
inverted image is still seen between them, it is beat 
to place a concave lens ( — 8 D. ) before the patient's 
eye, and then to estimate the amount of myopia 
remaining uncorrected ; and byadding it to the amount 
which the lens used has corrected, determining the 
total myopia present. When the observer has ap- 
proached so near the inverted image that it lies closer 
to his eye than his near point of distinct vision, he can 1 
no longer see that image distinctly. Still he can dis- 
tinguish in which direction the retinal area appears 
to move, until he approaches somewhat nearer to the 
image, when the circles of diffusion upon his own 
retina become so large that the retinal area of light, 
seen in the patient's pupil, seems very diffuse and 
faint, and the direction of its apparent movement 
uncertain. Because of thisj there is great practical 
difficulty in determining exactly where the point of 
reversal is situated. Now it is evident that if the 
point of reversal is within a few inches of the eye, an 
error of two or three inches as to its position entails 
an error of some dioptres in the amount of myopia 
present. Therefore, when by the method above de- 
scribed the degree of myopia has been approximately 
ascertained, place before the patient's eye a c 
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□f reversal ^^^H 
distance, an ^^^^ 



lens strong enough to remoTe the point of r 
metre or more from the eye. At such a d 
error of two or three inches as to the position of the 
point of reversal is of no consequence ; and an accurate 
determination of the remaining, and hence of the total 
myopia, can readily be made. Having determined the 
amoant of myopia present, the surgeon will of coarse 
be guided by the rules he would follow had the myopia 
been measured by any other method. 

" Hypermetropia. — On viewing the fundus reflex it 
is found that at all distances the erect image is seen 
and the retinal area appear,? to move with the facial 
area. Place before the patient's eye a convex lens 
strong enough to over-correct the hypermetropia. 
Then, by the method given above, determine the degree 
of myopia so produced. Deduct this amount of myopia 
from the strength of the convex lens used ; and the 
remainder will express the degree of hypermetropia 
present. Suppose, for example, the hypermetropia 
amounts to four dioptres. Placing a five dioptre con- 
vex lens before the eye, it is found that one dioptre of 
myopia is produced, the point of reversal being at one 
metre. Then five, minus one, equals four, which ex- 
presses in dioptres the amount of hypermetropia 
present. Should it be found that the + 5 D. lens 
leaves the eye hypermetropic so that the erect image 
is seen at all distances, replace it by a + 10 D., and 
proceed as before. As in myopia, however, the final 
accurate determination should be made at a distance 
of not leas than one metre. It may be noticed that 
low degrees of myopia may be measured withoufeg 
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the use of any lens, bat that to determine the degree 
of hypermetropia presenl^, a convex lena ia always 



" Enimetropia ib determined by the method for 
measuring liypermetropia. The conyex lena being 
placed before the eye, the reaultiag myopia 
found to equal exactly the stregth of the lens i 
use. 

"Regular Astigmaiism. — In applying the test to the 
measurement of regular astigmatism, instead of 
rotating the mirror about any axis, vertical, horizontal, 
or oblique, as may be done when the curvature of the 
cornea is the same in all directiona, it is rotated about 
axes perpendicular to the directions of the principal 
meridians of curvature, and the point of reversal thus 
found for each principal meridian. To determine the 
direction of these principal meridians, the eye, if not 
previously so, should be rendered myopic in all meri- 
dians, and then viewed from diiferent distances. It 
will then be found that at certain points the fundus 
reflex takes the shape of a more or less distinct band 
of light stretching across the pupil, while on one or 
both sides of it may be seen a shaded area ' the some- 
what linear shadow ' of Bowman. This band of light 
ia very readily moved in a direction perpendicular to 
its length, but in the direction of its length cannot be 
made to move at all. The point where this appearance 
is presented is the point of reversal for that principal 
meridian of the cornea, whoso direction coincides with 
the length of the band. The other principal meridian 
iflj of course, at right angles to this ; and the observer 



fay phfiaghii sjre wA fts pan* of m««nl«iQ be in 
postaoB lo see » ninrihr Iwad eKtoadii^ m m direction 
pCTpen^enlw totfatflf aefaandfirst nlMMTcd. This 
me of Hk dardow-test bsj be nade daBrer by the 
eonndaatian of wbat ooean in & pulicBlar case. 
S^ipcae Ae patieid^s eoncA to ksTe anda a cnrratare 
as to canu in tbe bonaontal ■wM*i»» (>ziB vortica]) » 
hTpemietn^aa of four dioptres, snd in Ute Tertical 
meridian (ads bonsonlal) a mjopn of one dioptre. 
Place before the eye a + 5 D. apberieal lens. On 
approaching it from a distance, it is foond that the 
retinal area mores against the fatnal area in alt direo* 
tions. But as the distance of one metre is approached, 
it is noticed that the retinal area takes the form of a 
horizontal band, readily movable npward or downward, 
but difficult to moTe to the right or left ; and when the 
point of one metre is reached, all movement to the ri^t 
or left ceases, and the band is more distinct. Going 
still closer, the point of revereal for the horizontal 
meridian being passed, movement to the right or left 
reappears, bat it is now with the facial area. The 
movement upward or downward is still against that of 
the facial area. As the patient is still approached, the 
appearance of a horizontal band fades oat, and pre- 
sently is replaced by that of a vertical band. The 
vertical band moves readily to the right or left, but 
less distinctly npward or downward, and at one-sixth 
of a metre all vertical motion is lost. This is the point 
of reversal for the vertical meridian. On approaching 
still closer, vertical movement reappears, but like the 
horizontal movement it is now with the facial area, not 
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against it. Thus it is found that for the horizontal 
meridian the point of reversal is one metre distant from 
the eye, and that for the vertical meridian the point of 
reversal ia one-sixth metre distant. That is, the use 
of the convex lens has made the eye myopic in the one 
meridian one dioptre, in the other meridian six diop- 
tres; and by taking into account the effect of the 
spherical lens nsed, the mixed astigmatism is seen to 
be what we supposed it. But for accurate work, as in 
simple myopia and hypermetropia, the degree of ame- 
tropia for each meridian should be finally determined 
with such a lens before the eye as would place the 
point of reversal, for that meridian, one metre or more 
distant." 

A few cases from my note-book will do more than 
any description to make the subject of retinoscopy 
clear. 

Case 1. Spasm of CiUary Muscle. — Boy, aged 11 
years. 



Bright fundus reflex, shadow moves with the mirror, 
but with — 'o D. a reverse shadow is seen. The case, 
therefore, looks like one of weak myopia. Ordered 
gnttse atropise gr. iv to ^j, three times a day ; on the 
third day, with retinoscopy, + 1 D. still gives an oppo- 
site shadow. On trying the patient at the distant 
type with + 1 D. both eyea read ^ well. This, there- 
fore, was a case of hypermetropia simulating weak 
myopia, due to ciliary spasm : such cases are not rare. 
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Cask 2. Hypermetropia.—Grirl, aged 13, aufEeringJ 
from "tinea tarsi," 

B.T,lHm. 1D.=|. 
L.V.|Hm. lD.=i. 

G-attee atrop., gr. iv to Jj. Fundus reflex, modstsi 
rate; a, reverse ahadow is seen moving somewhat^ 
slowly. On trying + 2 D. shadows become much more 
distinct and the movements quicker ; + 4 D. is found 
to be the strongest glass with which we atill get 2. 
reverse shadow. With + 4 D. ^ was read, but with 
no stronger glass, this therefore is the measure of the 
patient's total hypermetropia. 

Case 3. Hypermetropic Astigmatism. — Young man^^ 
aged 20. 

R.V.AH1D. iD.=S. 
L.V.^H>n.4D. = -ft' 

Under atropine ; right eye at distant type sees only 
^, Fundus refiex very dull, movements of shado*-' 
slow and against the mirror. On putting up + 5 D. the 
reflex is much brighter, the edge of shadow distinct 
and its movements quicker. We try + 6, 7, 8, 9, 
and the laat gives a shadow moving with the mirror. 
+ 8 D, is the highest, which still leaves the shadow 
moving against. On trying the eye at the distant type 
^ and 4 letters of ^ are at once read. No alteration in 
the glass improves sight. 

Left eye. Fundus reflex, and movements as in right. 
We commence by trying + 8 D. which we found the 
other eye required. In the vertical meridian the 
movement is against the mirror, while + Q D, causes^ 
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it to more with it. In the horizontal meridian witb I 
+ 8 D. the shadow moves with the mirror, and + 7 D^| 
oanseB it to move against. We express it thus — 

1 + 8 D. 
— — + 7D. 

and on trying the combination at the distant type, 
+ 7_D. ap. 
+ 1 D. cjltadeF aiia homontal, 

the patient is able to read ^ ; and on decreasing the 
sphere from 7 D. to Q-5 D., ^ is read, so that the 
proper correction for this eye is, 

+ 6'5D. gp. 

+ 1 D. cy. alia borizontal ; 

in this case, therefore, hypermetropia was present in^ 1 
one eye, compound hypermetropic astigmatism in the 
other. 

Cask 4. Astigmatism. — Young woman, aged _17, 
sees with either eye ^ — 1 D. = -j^, Retinoscopy 
without atropine — 
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Ordered guttee atrop., gr. iv to 3Jj ^or three days ; 
then with retinoacopy the result is— 



/\ + 1 D. -3D. cy. aiia 180" * 

After recovering from atropine the result was cob^ ' 




- I P. LA'fcii Jitllljr»P"ii'»a* -IB. Ok 



pvtMsesB to concet eacs n 



l-iB. 



1 D. 



L— |— rl-3 D. 



Oa trying AJjeceibiBationb^ice the rigJuay^-^JB 
nad. We tacpnm ibe yinoa ol ri^ ey« dno^ 

With the left eye the combination gives, with the 
cylinder not qaite horiaonta], bat slightly oatwards 
and dawDWBrda, 4- 

L. ^, * IS D. .pO - 6- D- ej- "» ITCf = J. 
Tho patient rtmarked that she had never seen things 
BO clnarly before, Thia resnlt was very satisfactory, 
and WM arrivod at in about ten minntes, thas eaving 
HO infinite amoant of time and tronble, which would 
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haye been required to work out ancli a. case by any 
of the older methods. As is tny asoal practice in 
I of astigmatism, I ordered guttse atrop., gr. iv 
to 3]j three times a day for four days, when the result 



,-4D. 
- — + 8D. 

+ a D. Bp.c 

+ 2 D. Bii.C 



L.— 



6 D. cy. B 



+ 2 a. 

-.is 175° = 



Iq this case the glasses were again tried after atro- 
pine was recovered from, and the following glasses 
ordered, which were of course to be worn constajitly : 
, .H■5D.- 



-6■6D.cy.a 



is 170°. 



Case 6. Mixed Astigmatism. — Mr. C — , aged 24, has 
noticed that for the past few years, the eyes become 
very tired at night, especially when mach writing or 
reading has been done, he thinks he sees distant 
objects less clearly than formerly. 

R, V, ^ not improved with convex or concave 
glasses ; with pin-hole teat -j^. 

L. V. ^ not improved with convex or concave 
glasses; with pin-hole test [\. 

After using atropine for four days, retinoseopy gave 
the following results : 



■+2-6 U. cy.siia 160° ' +1-6D. cj. mU 166° " 

We direct the patient to return after the effects of 
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the aCropiae hare passed off, wiiicli lie does in (en 
days ; we then try our correction, deducting + 1 D. 
sphere for the atropine. 

+ Z-5D. (7.»ii.l6tf ' ->-r5D.cT.aiU165° * 

This correction was accordingly ordered to be worn 
constantly. 

Case 7. AHi^matigm. — Sarah K — , aged 21, com- 
plains that her eyes hare of late been very painfnlj 
Mid she has also suffered moch from headaches, which 
have sometimes ended with an attack of aicknees. 

H.V.^-1D.=A. L.V./j-2D. = i',. 

After atropine. Retinoscopy gave 



K.— — + 1 D. 



-t- 1 P. » p. 



/\ -3-5 D. 

-4 D. c;. uiilSS" 



- 2-25 D. cj. uie horii. 
After the effects of atropine had passed off thorn 

correction which gave the beat results was — 

+ -25D.Bp. , 

R.-2'25 D. cj. mis horn. = 3- ^- - 1 D. cy. niis 125'' ~ ' 

These apectaclea were ordered to be worn 
stantly. 

Cask S. Simple Hypermetropic Astigmatism. — Jan9 1 
Q — J aged 11, has always seen near things badly, she \ 
tuma her head to one side, instead of looking directly | 
at the object. 

R. V. ^not improved with spherea, with pin-hole^ I 

L. V. ^flf not improved with spherea, with pin-hole^J 



Retinoscopy after atropine gives 

-D. +■ 

5 D. L.—\— 



^ , j_ + - 75 P. »p. 

lert.'"'*' ' + 3-5 D. ey. nxia vert."^" 

After the atropine liad passed ofE. 

K. + iD. cy. axis vert. = ^. L. + 3'5 D. cj. mis vert. = ,"5, 

Spectacles of this strength were ordered for constant 
Lse. 

Case 9. Myopic Astigmatiam. — Jane P — , aged 23, 
has always seen rather badly, and has had a good deal 
of pain and discomfort in the eyes for the past six 
months, especially when using them by gaa-Iight; 
about a week ago noticed that on closing the left eye, 
the vision of right was almost gone; though she 
admitted never having tried them separately before ; 
occasionally the right eye turns outwards. 

l.v.jV-1d.=-^. 

Homatropine was applied once and at the end of 
half an hour retinoscopy gave 

,-6-5D. |-1D. 

R.— 3D, L — —Em, 

With glasses : 



This correction was ordered for constant use. 

In most cases thus worked out, the glasses may be 
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ordered at once^ without waiting for the effects of the 
atropine to pass off^ in fact experience teaches that it 
is a good plan to continue the atropine until the 
spectacles have been made ; remembering only that 
in hypermetropia and hypermetropic astigmatism the 
spherical glass will require sHghtly diminishing, 
usually about 1 D.: in myopia and myopic astigmatism 
the spherical glass has to be slightly increased. 









\ 



\ 




HTPBRMBTROPIA 



CHAPTER VI 



HTPBKMETROPIA 



Hypbbmbtropia (H) ('Yttep, in excess ; fihpov, mea- 
sure ; and wi/., the eye) may be defined as a condition 
in which the antero-posterior axis of the eyeball is bo 
short, or the refracting power so low, that parallel raya 
are brought to a focus behind the retina (the acci: 
modation being at rest). In other words, the focal I 
length of tlie I'efracting media is greater than the ] 
length of the eyeball. 




In the passive hypermetropic eye, therefore, parallel 
rays c and a come to a focus behind the eye at b, 
forming on the retina at a, a circle of diffusion instead . 
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Therefore s. hypermetrope with relaxed accommo- ^^^H 
dation, aees all objecta indistinctly. So that snch a ^^^| 
person having to use some o£ hia accoinraodation for^^^^J 
distance, starts with a deficit for allother requirements, ^^^M 
equal to the amount of hjpermetropia. ^^^^| 

Parallel raya rendered bo coavergeiit hj paasiiig throngb a eoHTex ^^^H 
lens that they focua onthe retina. ^^^H 

Thus, supposing an individual, hypermetropic to tha^^^^^| 
extent of four dioptres, and possessing 6 D. of accom- ^^^^| 
modation, he wil! by the exercise of this power to the ' 
extent of 4 D., be able to bring parallel rays to a focna 
on the retina, and so see distant objects clearly, this 
leaves him 2 D. of accommodation for near objects ; 
which will bring his near point to 50 cm., a distance 
a.t which ho will be unable to do near work. ^^ 

Besides, it must be remembered, that only a part of ^^H 
the accommodation can be used for sustained vision, ^^H 
fatigue soon resulting when the whole of the accom- ^^^ 
modation is put in force, 1 

The following diagram is intended to show by the 1 
number of spaces, each representing a dioptre, through ^^^H 
which the thick lines are drawn, the amount of accom- ^^^^| 
modation in a, hypermetrope of 8 D., at different ages ^^^^| 
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above, indicate the number of dioptres, and those 
below, the near point for each increasing dioptre of 
accommodation. 




The amount of hypermetropia is calculated and 
expressed, by that convex glass which makes parallel 
rays so convergent, that they meet on the rods and 
cones of the retina, the accommodation being sus- 
pended. 

The commonest amount of error is about 2 D. 
Small degrees may require some trouble to discover, 
and can only possibly be found out, after the eye has 
been atropized. 

Hypermetropia is divided into latent and mnnifeat. 
The manifest, Donders subdivides into abaolute, rela- 
tive, aad facultative : 

Absolute, when by the strongest convergence of the 
visual lines accommodation for parellel rays is not 
attained, in other words, when distant vision is im- 
paired; this variety is seldom met with in young 
people. 
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Relative, wken it is possible to accommodate for 
a near point by converging to a point still nearer, in 
fact by squinting. 

Facultative, when objects can be clearly seen with 
or witbont convex glasses. 

In youtb the hypermetropia may be facaltative, 
becoming in middle age relative, and in old age 
absolute. 

Causes of Hypermetropia: 

1. The antero -posterior diameter of the eyeball 
is too short (axial hypermetropia). This is 
by far the most common canse and is con- 
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2. A flattened condition of the cornea, the result 

of disease or occurring congenitally. 

3. Absence of the lens (aphakia). 

4. Detachment or protrusion of the retina, owing 

to a tumour or exudation behind it. 

5. A diminution in the index of refraction of the 

aqueous or lens. 

Hypermetropia, therefore, ia usually due to shorten- 
ing of the axis of the eyeball. 

The following table shows the amount of ehorteningf ] 
for each dioptre of hypermetropia, the axial line in | 
emuietropia heing estimated at 22'824 mm. 

For -5 of D. of H. there is a dimmution ia the aiial line of '16 m 
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For 3- D. of H.thi 



Hypermetropia is by far the most frequent condition 
of the refraction, it may be looked upon as a con- 
genital defect, frequently also it is hereditary, 
Beveral members of the same family suffering from it. 

Hypermetropia is usually due to an arrest of 
development, which varies from the slightest degree 
to the extreme condition known as " microphthalmos. " 

The following are some of the chief points in which 
the hypermetropic differs from the emmetropic eye : 
the eye looks small, being leas than the normal in all 
its dimenaiona, especially the antero- posterior, the 
sclerotic ia Sat and makes a atrong curve backwards 
in the region of the equator, which can easily be seen 
on extreme convergence, or can be felt by the finger. 
The lens and iris are more forward, the anterior 
chamber is shallow and the pupil small ; the centre of 
motion of the eye is relatively further back, while 
the angle a, which is formed between the visual and 
optic axis is invariably greater, averaging about 7° 
(see p. 190), The result of the large angle o, in 
hypermetropia, is that the eyes often have an appear- 
ance of divergence, which has sometimes been mistaken 
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for real divergence, whereas in myopia, the small aDglerj 
causes the eyes to look aa if they converged. 

The ciliary mnacle, npon the action of which the 
accommodation depends, is much larger than in em- 
metropia, the anterior portion, which consists chiefly 
of circular fibres, being especially developed, no doubt 
hjpertrophied by the constant state of contraction in 
which it is kept. This contraction is called into 
action by the instinctive desire for clear images which 
all eyes possess, the accommodation having to be 
used for distant, as well as for near objects. Another 
result of the constant and excessive accommodation, is 
that the convergent power, with which it is so inti- 
mately linked, is kept in a state of constant tension, 
BO that in many children convergent strdbisTivus is 
gradually produced. To understand how this con- 
vergent strabismus becomes developed, I must refer 
the reader to the chapter on that subject. 

When the hypermetropia is of high degree the optic 
nerve is smaller and contains fewer fibres, so that the 
visual acuteness is frequently below the normal. 

Sometimes the face also has a characteristic appear- 
ance, being flat looking, with depressed nose, shallow 
orbits, and the eyes set far apart. Frequently, how- 
ever, there is no distiaetive physiognomy. 

The hypermetropic eye is very liable to asymmetry, 
as will be shown when speaking of astigmatism. 

Symptoms of Hypermetropia. — The patient sees well at 
a distance, but has difficulty in maintaining clear vision 
for near objects : and since the hypermetropia can be 
more or less corrected by accommodation, if the error 
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be of a. low degree (as 2 or 3 D.) , no ill-effects may for 
some time be noticed ; at length, however, a point ig 
reached, when the accommodation is not equal to 
reading and near work, and accommodative asthenopia 
is the result (p. 210}. This ia especially liable to show 
itself after an illness, or if the patient's health has 
deteriorated from over-work, anxiety, or other causes. 
He then complains that after working or reading for 
some time, especially dnring the evenings, the type 
becomes indistinct, and the letters run together : after 
resting awhile the work can be resnmed, to be again 
shortly laid aside from a repetition of the dimness : the 
eyes ache, feel weak, water, &c., frequently headache 
supervenes ; there is a feeling of weight about the eye- 
lids and a difficulty of opening them in the morning. 
When the hypermetropia is of high degree, the patient 
may be said by his friends to be shortsighted, because 
when reading, he holds the book close to his eyes ; by 
doing this he increases the size of hia visual angle, and 
thusgeta largerretinali mages ; thisis counter-balanced 
by increase in the circles of diffusion, but as the pupils 
also contract by approaching the book to his eyes, some 
of these are cut off ; so that the advantage is in favour 
of holding the book close, especially as the patient ia 
probably not accustomed to clear, well-defined images. 
In some cases the ciliary muscle contracts in excess of 
the hypermetropia, so that parallel rays focus in front 
of the retina, and the patient therefore presents many 
of the symptoms of myopia : we should always be on 
our guard against such cases. The manner in which 
the patient reads the distant type is often a guide to 
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na in hypermetropic, he takes a considerable time t 
make out each line, and yet if not harried, eventually* 
reads the whole correctly. On looking at the eyea oneV 
notices that they are red and weak, the lids look i 
table, and on eversion the conjunctiva ia bypersemic, ' 
especially that of the lower lids, the papillse being 
frequently enlarged, and the edges of the lids some- 
times affected with aycoaia. All these symptoms are 
probably the commencement of troubles, which, if 
allowed to go on, may develop into granular lids, de- 
rangements of the lachrymal apparatus, &c., this much 
we can see; how mnch more injurious must be the 
changea which are liable to take place in the interior 
of the eyeball from prolonged hyperemia 1 It cannot 
be too forcibly insisted on, that in all ophthalmic cases, 
except those of an acute character, the refraction 
should be taken and recorded as a matter of routine, 
since complaints which prove very intractable, are 
often easily and quickly cured when the proper glasses 
have been prescribed. 

As the patient advances in age he becomes pre- 
maturely presbyopic, ao that at thirty-five he may 
suffer from the same diacomforts aa an erametrope of 
fifty. 

To test the hypermetropia and measure the amount, 
wo take the patient's visual aeuteneaa, each eye 
separately, and having found that they are alike in 
their refraction, we try the two together; stronger 
glasses being often borne when both eyes are used, 
than when one ia excluded from vision. 

The strongest convex glass with which he is able , 
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to read §, or witli which he gets the greatest acote- 
nesa of vision, is the measure of the manifest hyper- 
inetropia (Hm.). This is not, however, the total 
liypemietropia, for if the accommodation be paralysed, 
by applying a solution of atropise snip., gr. iv to Jj, 
three times a day for four days (when we may feel 
snre that not the least vestige of accommodation 
retnaina), a much stronger glass can be tolerated, and 
-vpill be required to enable the patient to read ^. This 
strong glass represents the total hypermetropia, the 
additional amount to that fonud as Hm. being called 
latmt (HI.). 

The following plan is an excellent one for measuring 
the manifest hypermetropia. Placein spectacle-frames 
before the eyes such convex glasses as over correct the 
Q^_ ( + 4 D. will usually do this} ; then hold in front of 
these, weak concave glasses, until we find the weakest, 
which thua held in front* of +4 D. enables |- to be 
read ; the difference between the glasses is then the 
measure of the Hm. By this plan the ciliary muscle 
ia encouraged to relax, and we get out a larger amount 
of manifest hypermetropia, than is obtained by the 
ordinary method. Thus supposing -2D. the weakest 
fflass which held in front of the convex 4 D., enables 
the patient to read|, +2 D. is the measure of the 
Hm. (+4 D.-2D.= +2D.). 

As age advances the accommodation diminishes, and 
the latent hypermetropia becomes gradually manifest. 
Thua, a person may have 6 D. of hypermetropia 
latent at ten years of age, 3 of which may have 
become manifest at thirty-five, and the whole of it at 
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about sixty-fire or seventy, when the total hyperme- 
tropia is represented by the manifest. 

"With the advance of age certain changes take place 
in the structure of the crystalline lens, by which its 
refraction becomes diminished ; this change takes place 
in all eyes, and at a regular rate ; thus at fifty-five the 
refraction has diminished '26 D., at sixty-five "75 D., 
at sixty-eight !■ D., and at eighty as much as 2'5 D. 
Hypermetropia when thus occurring in eyes previously 
emmetropic is styled acqidred hypermetropia, in con- 
tradistinction to the congenital form, which is called 
original hypermetropia. 

The normal refraction of the eye in early child- 
hood is hypermetropic ; some remain so, a con- 
siderable number become emmetropic as they get 
older, and a certain percentage of these pass on to 
myopia. 

In the diagnosis and estimation of hypermetropia 
several methods are useful. We first estimate the 
acuteness of vision, remembering that being able to read 
^ does not exclude hypermetropia, and that we must 
in all cases try convex glasses, and if the same letters 
can be seen with, as without them, then the patient 
certainly has hypermetropia, and the strongest convex 
glass with which he sees them is the measure of his 
Hm. ; we next proceed to retinoscopy, with this method 
we get a reverse shadow, the quicker the movement 
and the brighter its edge, the lower is the degree of 
hypermetropia (see p. 89) . 

With the ophthalmoscope by the indirect method of 
examination, the image of the disc is larger than in 
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emmetropia and diminishes on withdrawing the objec- 
tive from the eye (p. 66). 

By the direct examination at a distance, an erect 
image of the disc is seen, which moves in the same 
direction as the observer's head (p. 71), On ap- 
proaching the oyej the accommodation of the observer 
and observed being relaxed, a convex glass is necessary 
behind the ophthalmoscope, to enable the observer to 
bring the diverging rays from the observed, to a focus 
on his retina; the strongest convex glass with which 
it is possible to see the details of the fundus clearly, 
is the measure of the total hypermetropia (Fig, 47.) 

The treatment of hypermetropia consists obvioosly, 
in prescribing such convex glasses as will give to raya 
passing through them an amount of convergence, 80 
that they will meet on the retina without undue accom- 
modation. It might be thought that having obtained 
the measure of the iotal hypermetropia, nothing re- 
mained but to give such positive glasses as exactly 
neutralize the defect, and that we should then have 
placed the eye in the condition of an emmetropic one. 
Such at first was thought to be the case, though it is 
by no means so, because persons who have been ac- 
customed to use their accommodation so constantly, 
both for near and distant objects, as is the case with 
hyper me tropes, have very large ciliary muscles which 
they cannot suddenly completely relax ; possibly also 
the elasticity of the lens capsule is somewhat im- 
paired. 

In children and patients under twenty years of age 
it is much better to atropine them at the first, and so 
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e once and for all, the amount of total hyper- 
metropia ; otherwise it will frequently be found, that 
the spectacles have to be constantly changed, the 
asthenopia is unrelieved, and probably the patient has 
to be atropized after al!, or becomes dissatisfied and 
goes off to some one else. Another reason in favonr 
of atropine is, that with it we cannot possibly mistake 
cases of spasm of the ciliary muscle in hypermetropia 
for myopia, which might otherwise happen, since the 
spasm causes the lens to become so convex that 
parallel rays are even made to focus in front of the 
retina, thus simulating myopia. 

It must always be borne in mind, that it is dangerous 
to atropize patients above the age of thirty-five, many 
well-marked cases of " glaucoma " having been traced 
to the use of this drug; moreover, as age advances 
the latent hypermetropia gradually becomes manifest, 
so that the necessity for paralysing the accommodation 
becomes less. 

There exists some difference of opinion among 
ophthalmic surgeons, as to the amount of the total 
hypermetropia we ought to correct; some give such 
glasses as neutralize the manifest hypermetropia only, 
while others, after estimating the total, deduct perhaps 
1 D. from this. It will be found that patients vary 
much as to the amount of correction which is most 
comfortable for them. 

A good practical rule is to prescribe such glasses 
for reading as correct the manifest and one-fourth of 
the latent hypeiTuetropia. 

For example, a child having 6 D. of hypermetropia 
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of which 2 only are manifest, will require + 3 D, for 
rea:iiing. At the age of twenty, about 4 D. will have 
become manifest, and the patient will then want + 4-5 
D, ; at forty, 5 D. will be manifest, and he may then 
bo able to bear full correction. 

Hence it will be seen that, as age advances, the 
spectacles will have occasionally to be changed for 
stronger ones, as the latent hypermetropia gradnally 
becomes manifest. 

The question arises, should spectacles be worn con- 
stantly or only for near work ? So long as distant 
objects {§) can be seen comfortably without them, their 
use is unnecessary except for reading aud near work; 
this is generally the case in young persons where the 
hypermetropia does not exceed 3 or 4 D, When a 
convex glass improves distant vision, then such can be 
constantly worn ; somewhat stronger ones may be re- 
quired for reading, &c., this is usually the case with 
old people. 

The disadvantage of using spectacles constantly is, 
that after wearing them for some time, the patient 
finds he ia unable to see without them, which is a 
serious inconvenience, so that the plan is, not to give 
spectacles for constant use, until the hypermetropia has 
become relative or absolute. 

In cases of concomitant squint, spectacles which 
correct the hypermetropia are to be worn constantly, 
and here our object must be to give as near the full 
correction as is consistent with the patient's comfort, 
this we can only find out by esperiment in each case ; 
the best plan is to measure under atropine the total 
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hypermetropia, deduct 1 D., and give this correction 
for coDstanfc use : the reaBon for mating this deduction 
is that the ciliary muscle is never so completely 
relaxed as when under atropine. 

Asthenopia and convergent strabismus, two of the 
moat frequent results of hypermetropia, will be treated 
of in Chapters X and XT. 

See Cases 1 and 2, p. 105; also 10, 12, and 17, 
p. 223. 

Aphakia 

Aphakia ('A, priv., ^qkoq, lens) is the name given by 
Donders to that condition of the eye in which the lena 
is absent. There are several causes, by far the most 
frequent being one of the various operations for cata- 
ract, extractions, needle operations, &c. Besides these, 
aphakia may be caused by dislocation of the lens from 
injury, or dislocation may occur spontaneously, and 
this is probably the cause of those congenital cases 
where no lens can be seen. 

Aphakia necessarily converts the eye into a very 
hypermetropic one. The length of the eyeball which 
would be required (the curvature of the coi-nea being 
normal and the lens absent) to bring parallel rays to a 
focus on the retina is 30 mm,, whereas normally the 
antero-posterior diameter of the eyeball is only about 
23 mm. 

To test aphakia ; when a bright flame is held in front 
of and a little to one side of a normal eye, three images 
of the flame are formed, one erect on the cornea, another 
erect on the anterior surface of the lens, and a third 
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inverted, and formed on the poBterior surface of the 
lens. On moving the Same up and down, the erect 
images move with it, and the inverted one in the oppo- 
site direction. In aphakia two of these images are ab- 
Bent, viz. those formed on the two surfaces of the lens. 

Treatment, — Strong convex glasses will be required 
to take the place of the absent lens, the previoos 
refraction of the eye of course influencing their 
strength. If hypermetropic, stronger glasses will be 
required; if myopic, weaker. 

The glass usually required by an eye previously 
emmetropic, to bring parallel rays to a focus on the 
retina, is from 10 to 13 D. 

As every trace of accommodation is lost with the 
lens, stronger glasses will be required for reading or 
near work, and to find out the necessary glass for a 
certain distance, we have only to add to the distance 
glass, one, whose focal length equals the distance at 
which we wish our patient to see. Thus if he require 
+ 10 D. for distance, and wish to see to read at 25 
cm., we add + 4 D. to his other glass and the result- 
ing + 14 D. will bring up his vision to 25 cm. 

The patient may be taught a sort of artificial accom- 
modation by moving the spectacles along his nose, 
nearer or farther from the eyes, hia working point 
being thereby moved away or brought neai-er to him. 

In correcting aphakia it will often be found that the 
vision is below the normal. Frequently also there is 
some astigmatism, especially in cases after cataract 
extraction. 

Heo Case 23, p. 236. 
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MYOPIA (m) 

Myopia (MOw, I close ; ioi^i the aye) or abort eight, I 
ia the opposite condition to hypermetropia. 

We saw that the hypermetropic eyeball was too short, I 
so that parallel rays focusaed behind the retina, it is 1 
therefore not adapted to any real diatance, because ia I 
order to see any object clearly, it ia necessary that the 
defect should be corrected either by its accommoda- 
tion or by meana of a convex glasa : now in myopia, 
although the eyeball is too long to allow of distant 
objects being seen clearly, it is perfectly adapted for 
near yision, ao that a low degree of myopia may not I 
be a very serious disadvantage. 

We spoke of hypermetropia as congenital, due to 
an arrest of development ; myopia is an acquired 
defect, and may be looked upon as an efEort of nature 
to adapt the eye to near objects, as a result of civiKzar | 
tion and its incessant demands on near vision. 

Myopia is peculiar to the human race and ia met with I 
much more frequently in civilized than in uncivilized I 
races. 

Low degrees suoh as 1 D. may bare no very serious I 
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drawbacks, because although the full visual acuteness 
can only be obtaind by the help of concave glasses, 
many people go half through life, playing cricket, 
tennis, shooting, &c,, without finding out the defect, 
their near vision is really better than that of the emme- 
trope, for they obtain larger retinal images, and they 
have to accommodate less ; against these advantages 
it may be stated that many myopes suffer from as- 
thenopia, the result of disturbance of the harmony 
between the two functions, accommodation and con- 
vergence, though this disturbance will be more marke^ 
in the higher degrees of ametropia. 

Medium degrees of myopia, from 2 to 6 D., are e: 
ceedingly common, the visual defects are more pro- 
nounced, it becomes necessary to use glasses for many 
things ; often they have to be worn constantly. Such 
patients are liable to suffer from asthenopia or from 
divergent strabismus and its accompanying evil — loss 
of binocular vision. 

Tho higher degrees of myopia which increase steadily 
and constantly from an early age, reaching often a 
very high degree, and carrying in its wake destruction 
and damage to important ocular tissues, must be 
looked upon as a serious disease ; it is designated by 
the name malignant or progressive myopia. 

We must now refer to the optical condition of the 
myopic eye. 

Parallel rays, falling on a myopic eye, focns in front 
of the retina, cross and form circles of diffusion (Fig. 
65), in place of a clear image. 

Only divergent rays focus on the retina, and hence 
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it is necessary, that the object looked at be brought I 
so near, that rays coming from it are sufficiently direr- I 
gent (Fig. 66), or they must be rendered bo by passing I 
through a concave lens (Fig. 67). 




We may say then, that in myopia the retina is at 

the conjugate focus of an object, situated at a finite i 

distance. The accommodation being at rest, an object i 

situated at this point will be distinctly seen, further ■ 
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1 ^ p.) aad is J efaiw i itjJ liy Ae aaoanfc of 
To fiad OMt tfe pBBctem proxi- 
■d ihe mear type, and 
note die ahottest diftawee far cMMik e^ sepustely at 
wlndi tile wnaHewt tfpe ean be read, or we measme 
it hj the wire optometer in tbe ■»"«• before de- 
■eribed. The range of aeeonaaodaiiaa is oCcea equal 
to that in emmebvpia, bnt in the bilker degrees of 
n^opia it becomes considerablr diminished. 

The greatest distance at which an object can be 
ciearlj seen, is the exact measare of the myopia, for 
instance, if the far point be at ona metre, a concave 
glass of that strength ( — 1 V.) wonld render parallel 
rays as divergent as if they came from a distance 
h et one metre, and with a glass of this focas, the person 
rvonld be able to see distant objects clearly. 

Myopia was for a long time thonght to be dae to 
BD increase in the convexity of the cornea, bat as a 
matter of fact the cornea is nsually less convex, and 
aa a rule, the greater the myopia, the less the con- 
vexity, 
Caiuei of Hyopia : 

1. The anterio-pOBterior diameter of the eyeball 




is too long (axial myopia). This is usually 
the caaee. 
2. Increase of the index of refraction of the lens. 
This may occasionally occur in the develop- 
ment of cataract. 
8. Conical cornea : this disease simulates myopia 
at its commencement. 
' It may therefore be stated that myopia almost in- 
variably depends upon a lengthening of the visaal 
axis accompanied in many cases by the formation of 
a posterior staphyloma, which further increases the 
ante ro- posterior diameter of the eyeball. This bulg- 
ing when it occurs, takes place at the outer side of 
the optic nerve towards the macula, and consists of 
an extension and thinning o£ the sclerotic and choroid i 
backwards, Tvith more or less atrophy of the latter. 

So constant is this lengthening of the visual axis 
in myopia, that from the number of dioptres of myopia 
can be calculated the increase in the length of the 
eyeball. 

The following table gives the calculation up to 10 D. 




It will bo romcmbered that the emmetropic €iy9 
meaBnres in the an tero •posterior diameter 22'824min. 

In Fig. 69 the amount of accommodation is indicated 
in n, myope of 2 D. by the number of spaces througlj^ 
which tho thick lines pass; thus at the age of thir 
the accommodation is equal to 7 D., and the near poin 
will be 1 1 cm. ; the distance of the punetum proximn] 
in given for eacli dioptre at the bottom of the i 

Ai the punetum remotum in myopia is situated i 
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a finite distance, therefore, for the Bame amplitude of 
accommodation, the punctum proiimura is nearer the 
eye in myopia that in emmetropia. The near point 
gradnally recedes with advancing age at the same rate 
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whatever the refractive condition of the eye ; it ifl 
clear then, that the near point in myopia will be 
longer in reaching that point (22 cm.) at which 
presbyopia is arbitrarily stated to commence than in 
emmetropia, so that in prescribing glasses for pres- 
byopia, the amount of myopia has to be deducted from 
the glass, which the emmetrope would require at any 
giveu age. 

If the myopia amount to 4'0 D., then the patient 
can never become presbyopic, because his punctum 
remotum is only 22 em. away, so that he will always 
be able to see at that distance. Most people imagine, 
that those who do not require glasses with advancing 

•e, have very strong eyes ; how frequently does one 
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hear the remark, when inqairmg of a patient's familT 
history, " Oh ! mj father had excellent sight, he was 
able to read at sixty withoat glasses. " This is proof 
positive that he had myopia, though probably von 
will be unable to convince the patient of this fact. 

In hypermetropia it was shown, that the power of 
accommodation had to be used in excess of the con- 
vergence. In myopia we have the opposite defect, 
the patient having to converge in excess of his accom- 
modation; thus, if he be myopic 4 D. his far point 
will be at 25 em., when looking at an object at this 
dist.'tnce, it ia necessary for him to converge to this 
particular point, his angle of convergence being 4, 
while his accommodation remains passive. 

Determining Causes. — The chief factors in the prt 
duction of myopia are ; the constant use of the eyi 
for near work, especially at an early age when thet 
organs are developing ; disturbances of nutrition i 
the tissues of the eye, together in some cases with i 
peculiar conformation of the skull. 

In a large majority of cases, myopia ia acquired, bill 
in a small proportion of cases it may be congenital a 
this latter form frequently attains a high degree i 
early life, may occur in one or both eyes, and bes 
no relation to the occupation of the patient. ThougH 
seldom congenital it not unfrequently happei 
one or other of the parents has suffered froiD J 
myopia. There is little doubt that in many cases therafl 
is an hereditary tendency to it, which, transmittetfB 
through several generations, under favorable cir^ 
cuinstances for its development, becomes very decide 



As in tte greater number of cases of myopia the I 
fector which tends to produce it, is the prolonged use ] 
of the eyes on near objects especially while young; 
we may set down myopia as one of the results of 
civilisation and education, and in these days of high 
pressure and competitive examination, it is constantly 
on the increase. The result of the very numerous 
statistics that have been collected, especially by 
German ophthalmologists (myopia in Germany is ex- 
ceedingly common), points to the production of myopia 
in direct proportion to the amount of education. The 
amount of myopia was found to be much greater in ' 
town than in country schools, no doubt because the ' 
general health was better amongst those living in the 
country. Erismann has come to the pleasant con- 
clusion that, if myopia increase in the same ratio as 
it has done during the last fifty years, in a few 
generations the whole population will have become 
"myopic." 

The normal refraction of the eye in childhood is 
hypermetropic, some few remain so, a great number 
becoming emmetropic as they get older, and a large 
percentage of these pass on to myopia. 

In proof of this hereditary tendency to myopia, 
Dr Cohn has summarised the statistics of various 
German writers on this subject. Thus in public schools 
myopia was found to exist without predisposition in 8 
per cent., with predisposition in 19 per cent, In the 
higher schools the result was : without predisposition 
17 per cent., with predisposition 26 per cent. 
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Residence in towns is also condncive to Bhort 

sight by causing people to gaze constantly at near 
objects. 

The canse why myopia when once established is very 
liable to increase, is that the extreme convergence, 
which is necessary to enable the patient to see at the 
limited distance, to which he is confined, causes the 
weakest part of the globe (that part in fact which is 
least supported) to bulge, forming a posterior staphy- 
loma. In support of this method of production of 
myopia, may be stated the well-known fact, that 
people, such as watchmakers and jewellers, who 
habitually use a strong convex lens before one eye, 
and work at the focal distance of that lens, are not 
especially liable to myopia, proving that close work 
without convergence does not tend to produce it. 
the eyeball becomes elongated its movements become 
more difficult, and the pressure produced by tha 
muscles during prolonged convergence, tends still 
further to increase the myopia. 

The stooping position which so many myopes take 
up, causes an accumulation of blood in the eyeball, 
which tends to raise the tension as well as materially 
to interfere with its nutrition. Hence results a state 
of congestion, softening, and extension, leading to a 
further increase of the myopia. The more advanced 
these changes, the more difficult is it for the myopia 
to become stationary. 

In addition to these two causes, extreme convergence 
and the stooping position, it is possible that, as a result 
of the constant convergence, the optic nerves may be 
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somewliat pulled upon, and thus furthur assist in pro- | 
ducing myopia. 

Cases of nebulse, cataract, and other causes of im- 
perfect sight in children, may give rise to myopia by 
causing them to hold objects they wish to see close to 
the eyes. 

SymptomB. — The patient sees distant objects badly 
and near objects well. The eyes look prominent ; the 
pupils are usually large in young people; as age 
advances they contract, thus diminishing the circles 
of diffusion) and so slightly improving vision. Eserine 
acts in the same manner, so does the nipping together 
of the eyelids, which is so characteristic of patients 
suffering from myopia, and to which the disease owes 
its name. The aeuteness of vision is frequently below 
the normal, though objects within the patient's far > 
point appear larger than they do to the emmetrope; 






k. The rclina in an emmetropic eye. B. Tbc retina in ■ 
myopic one. c. The visual angle. N. The nodal point. The 
diitance from sb ii greater than ka, and the image of 
OF in greater at a liian at A. 



the distance between the nodal point and the retina 
being greater in myopia {Fig. 70). This, however, 
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may be partly counterbalanced by the stretching of 
the retina, bo that, although the image may be some- 
what larger it may not cover a greater number of 
cones than wou!d be the case in an emmetropic eye. 

If the myopia be progressive, frequent limitations 
in the field of vision occur, in the form of scotomata 
due to patches of retinal atrophy. 

Besides seeing distant objects badly, the patient 
complains of pain, fatigue, and intolerance of light, 
with a state of irritation, especially after using the 
eyes by artificial light. There may be hyperiemia of 
the eyesand lids, spasm of the accommodation {which 
increases the apparent amount of myopia), pain in the 
eyeballs on pressure, photopsia, an appearance of con- 
vergence due to the small size of the angle a (p. 191), 
together with "muscse volitantes. " These are often 
a source of great anxiety ; the patient may, however, 
be assured, that although they cannot be removed, 
there is no cause for uneasiness : those moscie are pro- 
bably the remains of vitreous cells which, being 
situated a considerable distance in front of the retina, 
throw shadows on it, and are projected outwards as 
much larger images than would be the case in an 
emmetropic eye : they appear to the patient as black 
spots. 

The ciliary muscle is smaller than in emmetropia, 
the circular fibres (which are so hypertropbied in 
hypermetropia) being almost absent. 

The internal recti muscles often act badly, so that 
convergence becomes painful and diSicuIt, often going 
OD to strabismus divergens. 
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When the myopia is of high degree, the patient 
often uses one eye only for reading, then of conrae he 
does not require to converge. 

The refraction diminishes slightly with advancing 
age (see p. 122) ; the pupils also become smaller, thus 
cutting ofE some of the patient's circles of diffusion, so 
that frequently a marked improvement takes place in 
the vision of myopes as they get older. 

Opbtbalmoscopic Appearances. — With the ophthalmo- 
scope, a c res centic- shaped patch of atrophy is fre- 
quently seen on the outer aide of the optic disc, 
embracing it by its concave edge ; this is called the 
" myopic crescent." 

In an early stage the crescent looks somewhat 
white, showing the large choroidal vessels often more 
distinctly than on the adjoining parts, gradually, the 
blood-vessels disappear, leaving the white sclerotic, 
which shows up plainly against the red of the fundus. 
Some remains of pigment about the convex border 
of the crescent are often seen, and frequently there is 
some thinning of the choroid beyond. The retina 
seems to participate in this atrophy much less than 
might have been expected. 

Although the atrophy usually assumes the crea- 
centic form, as shown in Plate i which was drawn 
from the fundus of a young man, aged twenty, with 
a myopia of 4 D., yet it may vary much, sometimes 
forming a complete ring round the optic disc (ii), or 
it may extend outwards (ill), the broadest part being 
usually between the disc and the macula; sometimes 
there is excavation of the atrophic part. 
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The optic nerve is occasionally displaced, somewl 
inwards, and the disc, instead of being directed foi 
wards, looks forwards and outwards, making it appeai 
oblong in shape from its being seen obliquely (ill) 
the retinal vessels that pass over the atrophied 
are often straight in their oonrae, and show up 
clearly against the white sclerotic. 

The formation of the crescent is much influenced by 
the amount of myopia. In slight degrees in yonng 
people it is often absent, but in cases of 6 D. or more, 
at the age of twenty, we invariably find a well-marked 
crescent. 

In very high degrees of myopia, the epithelial la; 
of the choroid atrophies, secondary changes may take 
place in the yellow spot, as shown in Plate iv ; when 
such changes take place they cause great impairment 
of vision, due either to extension of the atrophy out- 
wards, or to disease commencing there independently. 
If the disease be progressive, the vitreous becomes 
disorganised, with floating opacities ; the nutrition of 
the lens may suffer, opacities forming in it, especially 
at the posterior pole ; haemorrhages may occur, and 
detachment of the retina sometimes takes place. 

Further it may be said that myopes, owing to tl 
defective vision, are especially liable to accidents. 

The dia^osis and estimation of myopia is easy. 
the distant type the patient requires a concave gl 
to enable him to read ^. The weakest lens with whi 
he is able to read it, is the measure of his myopia] 
always remember the patient is apt to choose 
strong a glass if left to himself; to prevent this a] 
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enable us to make an exacb record of the condition 
of the refraction, by which we may judge if the myopia 
is stationary or progressive, it is much the beat plan 
. in young people to atropize them in the manner 
previously described. Great differences will be found 
in myopes when testing them at the distant type, in 
some each increase in the strength of the glass causes 
a corresponding increase of vision; while in others 
with the same amount of myopia, but little improve- 
ment takes place until nearly the full correction is 
reached, when it suddenly becomes almost normal : 
hence it is not sufficient after applying two or 
three concave glasses without any visual improve- 
ment, to at once assume the absence of myopia. On 
placing the near type in his hand, he will be found to 
be able to read the smallest print, though at a shorter 
distance than that for which it is marked. The 
extreme distance at which he is thus able to read it, 
is his far point, the measure of which is also a measure 
of his myopia : this is a most useful guide to us ; for 
instance, he reads No. 1 at 2b cm. but no farther; 
('^" = 4 D.), therefore 4 D. ia the measure of the 
myopia, and such a glass will render parallel rays so 
divergent, that they will seem to come from 25 ci 
Had he been able to read it at 10 cm. only, then {'-j 
= 10 D.) — 10 D. would be the measure of the myopia. 

With retinoscopy the shadows move in the same 
direction as the mirror, so long as the observer ia 
beyond the patient's far point (Chap. V), 

With the opthalmoscope, by the indirect examina- 
tion, the disc looks smaller than in emmetropia and J 
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becomes larger on withdrawing the objective farther 
from the eye. 

By the direct method of examination at a diafcanca. 
with the mirror alone, an inverted magnified image of 
the disc can be clearly seen, provided always that the 
observer be not nearer the aerial image than his own 
near point (Fig. 45). The lower the myopia the 
greater the image, becanse the longei' is the distance 
between the image and the myopic eye. On moving 
the head from side to side, the image will always move 
in the opposite direction, showing that it is an inverted 
one. When we bring the ophthalmoscope close to the 
eye, the fundus cannot be clearly seen until a concave 
glass is placed in front of the observing eye. The 
weakest concave glass with which the details of the 
macula and disc can be clearly seen (the observer's 
eye being emmetropic and the accommodation relaxed] 
is a measure of the myopia (Fig, 483- This test may 
be relied upon for the lower, but not for the higher 
degrees of myopia. 

The treatment of myopia. — The chief indications 
are : 

lat. To prevent the increase of the myopia. 

2nd. To enable the patient to see well. 

3rd. To prevent the variona troubles from which 
myopes are so liable to suffer, as asthenopia, divergent 
strabismus, &c. 

To carry out the first of these indications, atrong 
convergence and the stooping position, which play 
ao important a part in the production of myopia, 
must be avoided, the patient being directed never to 
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read in a train or carriage, where every movement 
requires a change in the accommodation, nor to look 
at near objects for too long together : the natural 
tendency for a myope who is excluded in great mea- 
sure from seeing distant objects, is to devote himself 
to near ones. In reading, writing, or working, he 
must keep 35 cm. away from the book or paper, nse 
books printed in good, bold type, and not write too 
small, while the desk and seat should be conveniently 
arranged so as to avoid stooping. He should do as 
little as possible by artificial light ; when necessary, 
it is best to use a reading lamp, so placed that it 
throws the light down npon the work, leaving the 
remainder of the room in comparative darkness, so 
that when the eyes become tired they may be rested 
by tni'niog them from the light. The stooping posi- 
tion must be strictly avoided, as it causes an increased 
flow of blood to the interior of the eyeball, and at the 
same time by compressing the veins in the neck, 
obstructs the returning blood and so produces hyper- 
temia with symptoms of irritation, and possibly some 
slight increase of tension. When reading or writing, 
he should sit with his back to the window, so that 
the light may fall on his book or paper over his left 
shoulder, the shadow of his pen being thus thrown to 
the right, enabling hira to see plainly the letters he is 
forming. 

Attention must be paid to the general health ; iron 
internally often being especially useful, combined with 
regular outdoor exercise, and good nutritious food. 

When symptoms of irritation show themselves, with 
10 
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a rapid increaae in the myopia, complete rest must be 
given to the eyes, and in no way can this be so con- 
veniently carried out, as by dropping into the eyes a 
solution of atropine {gr. j to 3]') three times a day, for 
some two or three weeks ; counter-irritation may be 
applied to the temples and behind the ears in the 
shape of small blisters, or by a solution of iodine ; no 
spectacles must be allowed. Sometimes where there 
are symptoms of congestion present, the artificial 
leech applied to the temple once a week for a few 
weeks does much good. As the irritation gradnally 
subsides, the patient may be allowed to do a little 
reading daily, in a good light, the eyes all the time 
being kept under atropine ; he may require glasses to 
enable him to do this. Thus, if behave myopia of 3 D, 
he will not require them, his far point being at 33 cm. ; 
if he has — TS D. he will require + 1-5D. to enable 
him to read at about 35 cm. {+ 3 D. -1'5 D. = + 
1'5 D.) ; if the myopia is 6 D. he will require —3 D. 
to put back his far point from 16 to 35 cm. {+ 3 D. 
- t)D.= - 3D.). 

So long as the myopia is progressing it must always 
be a source of anxiety to us. 

To enable the patient to see well both near and 
distant objects, as well as to prevent extreme conver- 
gence, we must correct the myopia. In young people 
with good accommodation and with a low degree of 
myopia, the full correction may be well borne, the 
patient wearing such glasses constantly ; and it has 
been observed, that in those, who from their youth 
have worn their full correction constantly, for both 



near and distant objects, the myopia has usually 
remained stationary. 

There are two exceptions to this general rule of the 
fnll correction of myopia : 

1st. Where the myopia is of high degree and the 
acuteneSB of vision reduced, then the concave glasses 
so much diminish the size of the retinal images, that 
the individual is induced to make these images larger 
by bringing the object closer. 

2nd. When the myopia is of high degree, and the 
patient has from long custom, become used to exercise 
the function of convergence in excess of his accom- 
modation ; the full correction, which gives him perhaps 
excellent distant vision, causes him pain when used 
for near objects, here we must give two pairs of 
spectacles, one for distant vision, and the other for 
near objects, the latter may be gradually increased 
in strength, as the patient becomes accustomed to 
them, 80 that after a time, possibly a year or so, the 
full connection may be comfortable for constant use. 

In those cases where the myopia is of high degree, 
and the patient is nnable to bear the full correction for 
reading, we find out the necessary glass, by subtract- 
ing from the lens which gives the best acuteness of 
vision, that glass whose focus represents the distance 
at which the patient wishes to read or work. Thus 
for example, — 9 D, gives the beat distant vision, the 
patient wishes for glasses, with which to read at 33 
cm. (-9 D. + 3D.= - 6 D.) - 6 D. will be the 
glass required, and will enable the patient to read 
at 33 cm. without using his accommodation. 
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GlasBes may also be required for mnsic. When 
the myopia is of low degree and we are certain that 
the disease ia stationary, folders may be allowed for 
distance, no glass being used for near work. 

Single glasses are occasionally allowed inlowde^ees 
of myopia for looking at distant objects ; they hare 
the disadvantage that they encourage the patient to 
give up binocular vision and may so assist in the 
development of a divergent squint. 

When muscular asthenopia is present, priBms with 
their bases inwards (which diminish the necessity for 
convergence), with or without concave glasses, are of 
great value. 

When photophobia is a prominent symptom tinted 
spectacles may be comfortable. 

It is important to impress on the patient, that the 
glasses for reading are not given to enable him to see 
better, but to increase the distance at which near work 
can be done. 

When the myopia has been estimated under atro- 
pine, it is often necessary to add on to the glass so f oond 
— ■5 D., as the full correction under the mydriatic is 
usually this much weaker than the correction found 
without it, the reason being that the ciliary muscle is 
never so completely relaxed as it it by atropine. 

I am of course aware that the above optical treat- 
ment of myopia is at variance with the teaching of 
French authorities. 

Landolt considers that the action of the ciliary 
muBcle may have a tendency to increase the myopia 
and therefore states that myopes should never wear 
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glasses which require the patient to use his accommo- 
dation ; so that in low degrees of myopia glasses are 
only allowed for distant objects ; in medium degrees, 
glasses which under-correct the myopia are given for 
near objects, so as to enable the wearer to see at a 
given distance without accommodation. 

My own opinion is that every case requires treating 
on its own merits, very many myopes wear their full 
correction constantly with comfort, and if not with 
benefit to the eyes most certainly without injury ; 
while other myopes will occasionally be found who 
suffer from asthenopia when using their full correction 
for near vision. In extreme degrees of myopia and 
in those that are increasing rapidly, rest for the eyes 
and not spectacles is the essential treatment. 

See cases 11 and 19, pp. 226 and 234. 




Astigmatism, 'A, priv-.j arlyfia, a point. 

Hitherto we have seen, that the cornea usually takes 
but little part in the defects we have been considering. 
It has been shown that bypermetropia is almost in- 
variably due to the eyeball being too short, and 
myopia to its being too long. We now come to a 
defect in which the curvature of the cornea plays a 
very important part, with or without some decrease or 
increase (from the emmetropic standard) iu the antero- 
posterior diameter of the eyeball ; I refer, of course, 
to astigmatism, which is tho commonest of all the 
refractive errors, few cases of bypermetropia being 
entirely free from it, and still fewer cases of myopia. 
Astigmatism, then, may be defined as that state in 
which the refraction of the several meridians of the 
same eye is different; for instance, the horizontal 
meridian may be emmetropic, the vertical hyper- 
metropic. 

It is usually congenital, but may be acqoiredj uid 
frequently there is some hereditary tendency. 
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Astigmatism was first discovered by Thomas Young 
in 1793, who was himself astigmatic. 

Astigmatism may be divided into two chief divi- 
sions : 

1. Irregular. 

2. Regular. 

The irre^ar variety, which consists in a difference 
of refraction in the different parts of the samemeridian, 
maybefurtherBubdivided into normal and abnormal : — 
(ft) The normal irregular astigmatism is due in great 
measure to irregularities in the refracting power of the 
different sectors of the lens ; it causes a luminous point 
to appear stellate, asie the case when looking at astar^ 
which is in reality round, (b) The abnormal variety 
may arise from the condition of the lens or of the 
cornea ; when the lens is in fault it may be a congenital 
defect, it may be due to changes taking place in the 
lena itself, or to partial displacement by accident. The 
changes in the cornea which may produce it, are 
conical cornea, nebulae, and ulcers. Little can be done 
in the way of glasses towards correcting this form of 
astigmatism, though much improvement of vision 
sometimes occurs, when stenopaic spectacles are worn, 
the opening being made to suit the peculiarity of each 
case. 

We now pass on to the much more common variety, 
which can frequently be exactly corrected by the help 
of piano -cylindrical lenses. 

Regular ABtigmatism is due to the curvature of the 
cornea being different in the two meridians, that of 
maximum and minimum refmctiou ; these are called 




* 



THE REPBACTION OF THE BYE 

chief meridiana, and are always at right angles to 
ither. 

In the normal eye the cornea is the Begraent of an 
ellipsoid and not of a sphere, so that there is a slight 
difference in the refraction of the two chief me- 
ridians, the focus of the vertical meridian being 
slightly shorter than that of the horizontal. 

This can easily be proved by looking at a card on 
which is drawn two lines crossing each other at right 
angles, the card is held close to the eye and gradually 
made to recede ; both lines cannot be seen at the same 
time with equal clearness, the horizontal being seen 
clearly at a shorter distance than the vertical line. 
So long, however, as the acuteness of vision is not 
impaired, it goes by the name of normal astigmatism 
or regular astigmatism of the normal eye. 

Parallel rays passing through a convex sphericat 
glass come to a focus at a point. If the cone of light 
thus formed be divided perpendicular to its a^is, at 
any point between the lens and its focus, or beyond 
ibe focus after the rays have crossed and are diverging, 
a circle is formed. In astigmatism the case is 
different ; if parallel rays pass through a convex lens, 
which is more curved in the vertical than in the hori- 
zontal meridian, those which pass through the vertical 
meridian come to a focus sooner than those which pass 
through the horizontal ; and the resulting cone instead 
of being circular, as in the previous case, will be more 
or leas of an oval, forming a circle only at one point 
(4, Figs. 71 and 72). Let us now divide this cone 
at different points at right angles to its axis, and 
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notice tlie shape of the diffusion patches thus pro- 
duced. 

At 1 an oblate oval is formed, at 2 a horizontal 
straight line, the vertical raya having come to a focus ; 
at 3, 4, 5, the vertical rays have crossed and are 
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SectioQ of cone of ligli 



diverging, and the horizontal raya are approaching ; 
at 4 a circle is formed ; at 6 a vertical straight line, 
the horizontal rays have met and the vertical are still 
diverging; a large prolate ellipse is formed at 7. 

The space between the two points at which the ver- 
tical rays v v, focus at v, and the horizontal rays H h, 
focus at H, is called the interval of Sturm (i, Fig. 73), 

Regular astigmatism was at one time thought to be 
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due to defects in the curvature of the lens, but it has 
since been proved to depend almost entirely on aejm- 




metry of the cornea. The lena may, however, influ- 
ence it in two ways: — 1st. Its two chief meridians 
may not correspond to those of the cornea; 2nd. 
Owing to the position of the eye the lens may be 
situated obliquely. 

It has been experimentally proved, that slight 
amounts of corneal astigmatism may be corrected or 
disguised, by the unequal contraction of the ciliary 
muscle (one segment of the muscle acting while the 
rest of the circle remains passive) ; the curvature of 
the lens is thus increased, in the direction of tha 
ciliary contraction only. 

In astigmatism the vertical meridian has usually the 
maximum, and the horizontal meridiau the minimum 
of curvature, corresponding to the astigmatism of the 
normal eye. To this, however, there are numerous 
exceptions. Thus, the chief meridians may occupy 
intermediate position, or the vertical may 
minimum, and the horizontal the maximum of cnr' 
ture. Whatever the direction of the two chief mi 
dians, they are always at right angles to each other. 
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B-There are five varieties of regular astigmatism : 
. Simple hypermetropic aatigmatiam, 

2. Compoond hypermetropic astigmatism. 

3. Simple myopic astigmatism. 

4. Compound myopic astigmatism. 

5. Mixed astigmatism. 
In the first variety, one set of rays (we will assume J 

the vertical, v) have come to a focus on the retina, I 
while those at right angles, the horizontal (h), focus I 
behind the eye. Thus, instead of a point, i 
metropia, a horizontal straight line is formed on the \ 
retina (Fig. 74). 




In the second variety, both aeta of rays focus behind 1 
the retina (Pig. 75). 




^^^ 



In the third variety, one set of rays (we will assume I 
vertical) focus in front of the retina, the other set I 
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■n the retina, thus forming a vertical straight line 
QBtead of a point (Fig. 76), 




In the fourth variety, both sets of rays focus in front 
if the retina (Pig. 77). 




In the fifth variety, one set of raya has its focus in 
front, and the other set behind the retina (Fig. 78). 




In the five foregoing figures, the focus of the ver- 
tical raya has been placed in front of the focus of the 
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homontEbl rays; of course it will be understood 
that the position of these two foci are frequently 
reversed. 

Fromwhfit has been said it will easily be seen, that 
when an astigmatic eye looks at a spot, it sees not a 
spot, but a line, an oval or a circle, hence its name 
(a and aTiyfia) . 

It is necessary that it should be thoronghly ander- 
stood, how the image of a line is formed on the retina ; 
the clear perception of a line depends npon the distinct- 
ness of its edge, and to gain a clear image of this line, 
it is necessary, that the rays coming from a sncces- 
sion of points which make up this line (they of course 
emerge in every direction) should be brought to a focns 
on the retina, having passed through the cornea at 
right angles to its axis. Should they not do so, circles 
o£ diffusion are formed, which overlap each other and 
so render the edges ill-defined. The rays which di- 
verge from the line parallel with its axis, overlap each 
other on the retinal image, increasing its clearness, 
except at the extremities, where they overlap and 
canse some slight indistinctness. Thus, a person with 
simple astigmatism, myopic in the vertical and emme- 
tropic in the horizontal, sees distinctly vertical lines, 
because the rays coming from the edges of the vertical 
line, pass through the horizontal or emmetropic meri- 
dian, while those which come from the line parallel 
with its axis, pass through the myopic meridian and 
overlap each other without causing any indistinctness 
of its edges. Therefore, a patient with simple astig- 
matism, sees clearly the line which is parallel with his 
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ametropic meridian, and indistinctly the line parallel 
with his emmetropic meridian, 
CanseB : 

1. Congenital malformation of the cornea, which 

may in astigmatism of high degree, be part 
of a general malformation of the face ajid 
Eknll. 

This variety of astigmatism usnally re- 
mains unchanged throughout life. 

2. Operations involving the cornea or sclerotic 

such as cataract operations, iridectomy, &c., 
often cause by their cicatrisation a high 
degree of astigmatism which changes con- 
siderably with time. 
Symptoms. — There is frequently a want of symmetry 
about the patient's head or face. If young, and the 
astigmatism hypermetropic and of low degree, few 
symptoms may be present; usually, however, the 
patient complains of defective vision with asthenopia, 
especially if his work be such, that his accommodation 
ia in constant use ; sometimes headache is a very 
marked symptom, either frontal or occipital ; he has 
probably tried all sorts of spectacles and can find none 



to suit him. On trying hi 
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mixed variety of astigmati 
next the compound. We 
trying the acnteness of visi 



always below the normal, the 



at the distant type, hia 



sm affecting it most, and 

sometimes notice when 

ion, that the patient t 



much better if allowed to hold his head on one side ; 
by doing this, he places his nose somewhat in the line 
of YJaion of the eye he ia naing, and ho cnta off some ol | 
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the rays which would otherwise enter his pupils ; he 
thus dimiuiahes his circles of diffusion. It is possible 
also that if his chief meridians are oblique, by thus 
tiltiug therUj he brings them to correspond with the 
meridians of the object looked at. Whether this ex- 
planation be the correct one, I know not, but we may 
generally feel pretty confident, when we see the patient 
looking at the test-type with his head on one side, that 
astigmatism is present. One frequently hears it said, 
that images formed on tho retina in astigmatism are 
distorted ; this, however, is not the case, as can readily 
be proved by makino^ one's own eye astigmatic, by 
placing in front of it a cylindrical glass; a certain 
amount of blurring and indistinctness is produced, 
but no actual distortion, the distance between the 
cornea and retina being inauflGcient. 

Usually both eyes are affected, sometimes quite 
symmetrically. Frequently, however, there is a great 
difference, one being almost emmetropic, the other 
very astigmatic. 

In astigmatism when the chief meridians of one eye 
are at right angles to the chief meridians of the other, 
binoculai' may be much better than monocular vision ; 
we will illustrate this by a simple example. The right 
eye we will assume to be hypermetropic 2 D. in the 
vertical meridian, emmetropic in the horizontal ; the 
left emmetropic in the vertical, hypermetropic in the 
horizontal 2 D, We know that the patient, looking 
at the fan of radiating lines with the right eye only, 
will see the vortical lines distinctly, the horizontal only 
accommodating; with the left eye the horizontal 
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lines will be clearly seen, the vertical ones indistinctly 
with the two eyes all the lines will appear distinct, 
the image in one eye overlapping that of the other. 
We seldom find a case in which the correction is so 
complete as in our example, hut we meet with cases 
where partial correction takes place. 

In my experience vision is less impaired when the 
chief meridians are vertical and horizontal, than wHen 
they are oblique. 

Ab hypermetropia is more common than myopia, so 
also is hypermetropic astigmatism of more frequent 
occurrence than the myopic variety, though few 
myopes will be found who are quite free from astig- 
matism. Mixed astigmatism is the least frequently 
met with. 

If, after trying the patient at the distant type, we 
are not satisfied with the result, though perhaps we 
have some improvement with either convex or concave 
glasses, we may suspect astigmatism and pass ou to 
some of the special tests by which it may be dia- 
gnosed and estimated. 

If astigmatism exist, our first object must be to find 
ont the direction of the two principal meridians, viz. 
those of maximum and minimum refraction. 

Most of the tests for astigmatism are based upon 
the facts of the perception of a line. An astigmatic 
eye, looking at a test object composed of lines 
radiating from a centre, and numbered for convenience 
sake like the face of a clock, is unable to see all the 
lines equally clearly. The line seen most distinctly, 
indicates the direction of one of the twn nkraf' 
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meridian a ; the other chief meridian being of coarse at 
right angles to the one most clearly seen. The fan of 
radiating lines now very commonly used, as well as 
the clock face with movable hand of Mr Bradenell 
Carter, are all convenient test objecte. The striped 
letters of Dr Pray are convenient for indicating one 
of the chief meridians. 

To test and measure the astigmatism, we place oar 
patient at a distance of six metres in front of the clock 
Fig. 79, covering up one eye with a ground glass disc. 
Supposing he see plainly the three lines from 1 2 to 6, all 




the other lines being more or less indistinct, those from 
3 to 9 most BO, and further, if on placing before the 
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eye a weak positive glass, we find that lines from 
to6areblurred, we know then that the horizoatalmei 
dian, that is, the tueridiaii at right angles to the clearlM 




defined line, is emmetropic, as well as being one ofS 
the principal meridiana. We now direct him to look 
steadily at the lines from 3 to 9, i. e. those at right 
angles to the lines first seen ; we try what ephencal 
glass enables him to see these lines distinctly and J 
clearly ; this glass is the measure of the refraction o 
the vertical meridian, and therefore also of 
astigmatism. 

To obtain reliable results, the eye inust be thoroagW 
under the influence of atropine. 

Supposing lines from 12 to 6 be clearly seen, but 
that with a weak convex glass they are blurred j and 
that on looking at lines 3 to 9, do convex glass im- 
proves their clearness, while— 1 D. renders them quite 
distinct, the case is one of simple myopic astigmatism. 

With the ophthalmoscope the astigmatism may also 
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be recognised. 1st. With the indirect method we find 
that the shape of the disc, instead of being circular, is 
more or leas oval, changing its shape as the objective, 
which must be held exactly perpendicular, is with- 
drawn. 2nd. With the direct method we find that 





Erect image. Indirect Image. 

the disc appears oval, the long axis of the oval corre- 
sponding to the meridian of greatest refraction. Figs. 
81 and 82 show the same disc as seen by the direct 
and indirect examination. 

It is, however, the difference in degree of the clear- 
ness of the retinal vessels, that is to be taken as the 
guide, not only of the chief meridians, but also of the 
kind and amount of error. To detect this, assuming 
* I have to tliauk Mr Nettleihip Tor theie vooilcuts, from bin worlc 
oil ' UiBeaeea of tlie Eyt.' 
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that the chief meridians are vertical and horizontal 
we take notice first of the lateral marginB of the dis<^l 
and of a vessel running in the vertical direction, and 
find out the strongest positive, or the weakest negattiTttm 
glass, with which these are distinctly seen, using a re--M 
fractiug ophthalmoscope. We then take a horizontal I 
vessel with the upper and lower margins of the disc, f 
and estimate their refraction in the same n 
Thus a vessel going upwards is first taken ; it is seen I 
well with the convex l,the horizontal meridian there- I 
fore is hypermetropic ID, A horizontal vessel ia noW I 
looked at and can be best seen with concave I, show- 1 
ing that the vertical meridian is myopic to one J 
dioptre; the case is, therefore, one of mixed astig-T 
matism. When the chief meridians are not vertical! 
and horizontal, we must endeavour to find a vessel^ 
which coincides with one of the chief meridians, and 
having estimated this, we next estimate the meridian 
at right angles to this vessel. Some observers are able 
to estimate and order the proper correcting glasses 
by this method alone. I should, however, be ex- 
ceedingly sorry to trust to it entirely. 

3rd. Retinoscopy . This is, I think, the most valu- 
able and trustworthy of all the objective methods. 
The patient being fuUy atropized, the principal axes 
can be seen at a glance, and the proper glasses for 
correcting the error easily found, by anyone who has i 
taken the trouble to familiarise himself with thirl 
method of examination. For a full description i 
retinoacopy, the reader must refer to Chapter V, 

Astigmatism requires for its correction a cylindrioi 
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glass, and reference lias already been made to such a 
lens on p. 20. 

This cylindrical glass is the segment of a cylinder 
whereas a spherical glass is the segment of a sphere ; 
it may te either concave or convex, and is num- 
bered according to the refraction of the meridian 
of greatest curvature ; the result upon rays will be, 
that those which pass through the cylinder parallel 
to its axis, undergo no refraction ; all other rays are 
refracted, those most bo, which pass at right angles to 
the cylinder. A cylinder thus possesses the power o£ 
exactly neutralising the astigmatism. 

On referring back to Fig. 74, which represents a 
case of simple hypermetropic astigmatism, the vertical 
meridian being emmetropic and the horizontal meri- 
dian hypermetropic, it will be seen that a convex 
cylinder can be found, which with its axis vertical 
will increase the refraction of rays passing through 
the horizontal meridian, so that they meet exactly on 
the retina. Suppose the glass required be + 1 D. 
cylinder, this not only corrects, but is itself a measure 
of the astigmatism. If a patient with astigmatism of 
1 D. be able to read -j!^ at the distant type and with 
the cylinder + 1 D., axis vertical |, it may be ex- 
pressed in the following manner : -j^ + 1 D. cy, axia 
vert. = ^. 

Fig. 75 represents componnd hypermetropic astig- 
matism. We find out the refraction of each chief 
meridian by retinoscopy or the clock face. Assuming 
then, the vertical meridian to be + 1 D., and the hori- 
zontal + 2 D., if we place our positive cylinder + 1 D 
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with ita axis vertical, we shall have corrected 
astigmatiBm, and the error will be reduced to oae irf 
simple hypermetropiaj requiring for ita correction + I 
D. sphere. This combination of sphere + 1 D. with 
cylinder + 1 D. axis vertical, is made in one glass, by 
the optician grinding upon one side the sphere + 1 D, 
and on the other the cylinder + 1 D. The lens thi 
formed is called a spherico-cylindrical lens. 

Fig. 76 represents simple myopic astigmatism, ii 
which the vertical meridian is myopic and the horKl 
zontal emmetropic. To correct this error, it is neces- 
sary to canse the rays which pass through the vertical 
meridian to be so refracted that they meet at, instead 
of in front of, the retina. Here it is obvious that » 
negative cylinder with its axis horizontal will accost"] 
plish this object. 

Fig. 77 represents compound myopic astigmati 
Both sets of rays focus in front of the retina, one 
in advance of the other. This is corrected by patting 
back the posterior focus by a negative sphere which 
reduces the case to one of simple myopic astigmatisni, 
which is corrected by a negative cylinder. This glass 
is called a negative spherico-cylindrical lens. 

Fig. 78 represents mixed astigmatism. One set 
rays focus in front of the retina, the other set behind 
it. The difference between these is the amount of 
astigmatism, and may be corrected in three dlSerent 
ways. Thus supposing the vertical meridian myopic 
1 D., and the horizontal hypermetropic 1 D. 
correction may be made by —ID. cylinder, axis hi 
Eontal, which puts back the vertical rays so 
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focns on the retina, combined witli a + 1 D. cylinder 
axis vertical, which brings forward the horizontal rays 
to the retina. This compound lens is called a eon- 
cavo-eonrex cylinder. There are, however, some diffi- 
culties in using this method oi correction ; the axea 
of the cylinders have to be arranged with such exact- 
ness, that the slightest variation may upset the whole 
result. Besides, it is difficult when using such a com- 
bination at the distant type, to make alterations with 
the same facility with which one does other combina- 
tions. Moreover, during the grinding very great care 
is required of the optician, so that either of the fol- 
lowing plans seems preferable. By a minus concave 
spherical glass of 1 D., combined with a convei 
cylinder of 2 D. axis vertical, or by a + ID. sphere 
combined with — 2 D. cylinder axis horizontal. 

Treatment. — Having found out by one of these 
numerous methods, the refraction of the two chief 
meridians, we confirm the result by trying the patient 
at the distant type with the combination so found, 
makingany slight alterations which maybe necessary. 
These glasses may be ordered at once, remembering 
that in hypermetropic astigmatism, we must reduce 
the convex sphere about 1 D., while in the myopic 
variety the concave sphere must be slightly increased 
by about 1 D. 

We frequently have to be satisfied with glasses 
which do not raise the vision to f, and if such have 
been carefully chosen, we often find that after they 
have been worn for some time the vision improves, 
due no doubt to the retina becoming more sensitive 
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to well-defined images, a condition of things to 
it was previously unaccuBtonaed, 

In ordering glasses for astigmatiam, we must be 
careful to give the exact axis of each cylinder ; opti- 
cians supply us with convenient forms, having a 
diagram of a frame marked in degrees ; we indicate 
the axis by drawing a line through this diagram. 

The Ophthalmometer of Jav&l and Schiotz is an 
instrument for measuring the amount of corneal 
astigmatism. Scientifically it may be of much value, 
as by it we are enabled to separate astigmatism due 
to the cornea J from that due to the lens, bnt 
the price will prevent its coming into general use, 
especially, as we possess so many other methods by 
which astigmatism may be estimated, and probably 
the separation of the two forms of astigmatism is a 
disadvantage practically, when we are seeking to 
correct the defect. 

With the ophthalmometer two objects are reflected 
on to the cornea of the observed eye ; these objects 
are of white enamel, one quadrilateral in shape, the 
other of the same size, except that on one side it is cut 
out into five steps ; these two objects slide on a semi- 
circular arm, which rotates round the tube through 
which the observer looks, one object on either side of 
the tube ; the observer looking through this tube 
which contains a combination of convex glasses and s 
bi-refracting prism, sees four magnified images in 
a line on the cornea under examination. First 
find out the meridian of least refraction; this wa 
are able to do by finding the position of the semi' 
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circular arm, in which the two central imagea (one 
qnadrilateral, the other with steps) are furthest apart. 
We slide the two objects together until we see the two 
central images on the observed cornea jast touchj the 
lowest step of the one with the aide of the other ; this 
then is the meridian of least refraction, and we note 
it down as such ; now turn the arm at right angles to 
this meridian, and notice the amount of overlapping 
of the two central images, each step in the one figure 
that is overlapped by the quadrilateral one, is equal to 
one dioptre ; thus if it overlap three steps, there is a 
difference of 3 D. between the meridians of least and 
greatest refraction ; we know this to be the meridian 
of greatest refraction, because it is at right angles to 
the one first found. 

As there are only five steps, when there is a differ- 
ence of 5 D. between the two meridians, the one figure 
will exactly overlap the other ; for higher degrees we 
have to calculate how much the figure with the steps, 
projects beyond the quadrilateral figure, or we may 
place in the tube a stronger bi-refracting prism, then 
each step may be counted as two dioptres instead 
of one. 

Nordenson has obtained some interesting statistics 
with this ophthalmometer {' Ophthalmic Review" for 
July, 1883) in 226 school children. As a reanlt of 
these statistics he is of opinion : 

Ist. That the correction of corneal astigmatism by 
means of the lens in young persons is the rule, 

2nd. That corneal astigmatism amounting to one 
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a,n<3 a half dioptrea, is incompatible with normal acate 

neas of vision. 

His obserratioDS add also to the opinion of Jarat 
that astigmatism predisposes to myopia. 

Tweedy's optometer affords an eaay method i 
estimating the refraction in astigmatism. It consistK 




essentially o£ a plate carrying the figure of 
marked with fine dark radiating Knes at angles of IS 
with each other ; the plate is attached to a horizoatj 
bar half a metre long, divided into centimetres ( 
which it may be made to slide ; at the proximal end of 
the bar is a semi-circular clip, marked with degrees 
corresponding to those on the dialj and intended to 
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liold the cylindrical lens. In order to ase the iustm- 
ment properly^ the following instructioiia must be J 
strictly complied with : 

lat. The eye about to be eiamined having previouly I 
been placed completely under atropine, and made 
artificially myopic to about 4 D, by means of a strong 
convex lens placed in a spectacle frame, and the oppo- 
site eye excluded by an opaque disCj the patient 
should sit down before the instrument, place the eye ' 
with the lens before it close to the clip, and with the I 
head erect should look straight in front at the | 
radiating lines of the dial. 

2ndly. The dial having first been removed beyond ' 
the point of distinct vision, should then be gradually 
approximated along the bar, untd at least one of the 
lines is clearly and distinctly seen ; after this the dial 
should on no account be moved, but its distance from , 
the eye accurately noted. 

If all the radiating lines come into view with equal \ 
clearness at the same time, there is but slight aatig< , 
matism, but if whilst one line is clearly seen, that at ' 
right angles to it is blurred, there is astigmatism, 
which may be corrected, by placing in the semi- 
circular clip a concave cylindrical lens with its axis 
parallel to the blurred line, or at right angles to that 
first distinctly seen. 

From the result of (2) we learn (a) the direction of j 
the two principal meridians, of maximum and minimum < 
refraction; (b) the presence or absence of hyper- 
metropia or myopia and the degree ; (e) the presence 
or absence of abnormal regular astigmatism, includinj 
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its direction and degree, (a) The meridian of greate 
refraction is parallel to the line seen at the greate 
distance of distinct vision, while the meridian of leas 
refraction is always at right angles to it, (h) Tbel 
presence or absence of ametropia is determined by thel 
distance at which the radiating lines are clearly seeo.! 
If there be emmetropia, the lines will be seen exactly I 
at the distance of the focal length of the lens 1 
employed to produce the artificial myopia; if there be 1 
hypermetropia, the lines will be seen beyond that J 
point, if myopia within. The degree of ametropia ■ 
may be estimated by the following calculation : Thel 
greatest distance of distinct vision, minns the focal 1 
length of the lens, divided by multiple of these 
numbers, equals the degree of ametropia. 

(c) If, however, there be astigmatism, the above 
calculation will give the refraction for the meridian of 
least refraction only ; the degree of astigmatism will 
be represented by the focal length of the weakest 
concave cylinder, which, placed with its axis parallel 
to the blurred line, makes this line as clear and 
distinct as that first seen. The whole ametropia 
may then be corrected by combining the spherical 
lens required for the correction of the meridian of 
least refraction, with the weakest cylindrical leos, 
which by actual experimentation has been found 
sufficient to correct the astigmatism. 

Flacido's disc, which consists of a circular sheet of 
tin on which is painted concentric circles of black and 
white, gives the chief meridians at a glance. The 
patient being placed with his back to the light is 
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directed to look at the centre of the disc, while the 
observer, holding the inatrument cloas to his own eye 
and at a convenient distance from the patient's, looks 
through the hole in its centre ; he sees an image of 
the concentric circles reflected on the cornea ; if astig- 
matism exists, the rings will appear elliptical, with 
the long axis corresponding with the meridian of least 
curvature. Cases of irregular astigmatism and conical 
cornea are easily detected by this method. 

The stenopaic alit, which consists of a metal disc 
having an oblong opening in it, about 2 mm, broad, is 
used by some observers for working out cases of astig- 
matism. The disc is placed in a trial frame in front 
of the eye we wish to examine ; and while the patient 
looks steadily at the distant type the disc is slowly 
rotated, so that the slit is brought successively in front 
of each meridian, the position in which the best vision 
is obtained is noted, we then try convex and concave 
glasses in front o£ the slit, to see if any improvement 
take place. The slit is now in line with one of the 
chief meridians ; let us turn the disc round 90°, 
80 that the slit m.ay occupy the position of the other 
chief meridian, and find out what glass most improves 
vision. Thus, supposing with the slit in the vertical 
direction, the patient reads {f, while convex glasses in 
front of the slit make it indistinct, the vertical meridian 
ifl emmetropic ; and on turning the slit so that it is hori- 
zontal, the patient reads -^, but with -f 2 D. in front^, 
the horizontal meridian is then hypermetropic ; and the 
case is therefore one of simple hypermetropic astigma- 
tism requiring for its correction + 2 D. cylinder axis 
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vertical. On looking through the slit, placed between I 
the principal meridians, circles of diffuaion are formed, ■ 
and the object has the appearance of being drawn oat I 
in the direction of the slit. 

Dr Tempest AndersOHj of York, has invented an I 
ingenious iustrumentj by which astigmatiam may be I 
estimated in a subjective manner ; an image of an I 
illuminated radiating screen is thrown on the retina, J 
and is visible to the oculist, the position of tte screen I 
on a graduated bar shows the refraction. 

The inventor claims for his instrnment th%\ 
following advantages r 

1. The observations and measurementB are made b 
the observer, and are entirely independent of 
patient's sensations, tboogh these may be uaed as 
adjunct if wished. 

2. An image thrown on the retina being used ; 
an object, the error arising from the vessels i 
optic nerve being before or behind the retina am 
avoided. 

3. The refraction and a<;commodation of 
observer does not affect the result. It is only ne< 
sary that he should be able to see whether certai 
lines are sharply defined. 

In addition to the methods already described tat 
estimating astigmatism, many others are known. 

See Cases 3, 4, 5, 6, 7, 8, 9, p. 106, &c. j also 20 a 
21, p. 234. 
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Anisometeopia 



Anisometropia (a, priv. ; looe, equal ; /lirpou, mea- 
aiire; &\p, the eye) is the term applied to cases which 
frequently occur, where the two eyes vary in their 
refraction. The defect is usually congenital, but it 
may be acquired, aa in aphakia or loss of accommo- 
dation in one eye. Every possible variety may exist, 
one eye may be emmetropic, the other myopic or 
hypermetropic; or one more myopic, hypermetropic, 
or astigmatic than the other. 

When the difference is not very great {1 or 1'5 D.), 
and vision in both eyes ia good, we may give each eye 
its correction ; for so long aa the eye whoae refraction 
is the more defective still co-operates in binocular 
vision, sight ia improved thereby. Especially ia this 
fall correction uaefal in cases of myopia with diver- 
gent atrabismuB, the increased atimulua to binocular 
vision being sometimes sufficient to prevent the squint. 
When one eye is emmetropic and the other myopic, 
no glass will probably be required, the emmetropic 
eye being used for distance, the myopic for reading, Ac. 
When the difference in the refraction ia greater than 
1'5 D. we may have to be sati86ed with partially cor- 
recting the difference, and this result can only be 
arrived at by trying each case, some people tolerating 
a much fuller coiTection than others. When bino- 
cnlar vision does not exist, frequently no attempt can 
be made to correct the two eyes, and then we gene- 
rally give glasses that suit the best eye. In cases of 
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CHAPTER IX 



.. Pr, (yrpla^vc, old; Sup, eye). 

With advancing age many changes take place in 
the eye. The acutenees of vision becomea less, owing 
partly to a loss of transparency in the media, and 
partly also to a diminution in the perceptive and con- 
ductive powers of the retina and the optic nerve. At 
thirty years the acutenesa of vision is almost unaltered, 
the bottom line of the distant type being read at a 
little over 6 metres ; at forty it can still be read at 6 
metres, bat after this time it diminishes regularly, so 
that by the eightieth year vision has decreased to one 
half. In addition to these changes, the accommoda- 
tion gradually diminishes from a very early period, 
the near point slowly but steadily receding. This 
change in the accommodation occurs, in all eyes what- 
ever their refraction, and is due to an increased fii-m- 
ness of the lens, wbereby its elasticity is lessened ; and 
perhaps also in some slight degree to loss of power in 
tbe ciliary muscle due to advancing age. The lens also 
approaches the cornea, and becomes somewhat flatter. 
This failure of the accommodation begins as early as 
the tentli year, at an age when all the functions of the 
body are still developing. 

12 
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So soon as the binocular near point has recede 
beyond the distance at which we are accustomed 1 
read and write, do we become restricted in our work. | 
DondepB baa fixed this point at 22 cm. 




Dingram showing the course of accomniodfltinii iu au emme- 
tropic eje. Tlie figures at the to)! of Iha diagram indicate 
the age, those at the side the arooont of Bccommodation 
and the p. p. in centimntree ; the oblique line represents 
the coarse of the puneturo pcoximoni, and the hori»ont»l 
line that of the punctum remotum ; the space between the 
two lines gives the amplitude of uccoinniodiitiou. From 
this diagram we cnu calculate the amplitude of occomnio- 
dntion possessed at an; age. 

Presbyopia, therefore, may be arbitrarily stated to 
exist, when the binocular near point has receded to 22 
cm., and this occurs usually in the erametrope about 
the age of forty-five. Because in order to see at ^L 
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cm. a positive refractive power of 4*5 ia necessary 
( yy = 4"o}, at the age of forty the eye possesses ]U3t 
this amount of refractive power, but if the eye has not 
so much accommoilation, theu we must give such a 
convex glass, which added to it, brings up the positive 
refraction to 4'5 D. ; for example at the age of fifty- 
five when the eye poasessea only 1'5 D. of accommo- 
dation, we give a convex glass of 3 D,, because 1'6 D. 
+ 3 D. =4-5 D (see table, p. 181). 

To find the punctum proKimum of an emmetrope 
we have only to divide the number of dioptres of 
accommodation which hepoaaessesinto lOOcm. Thus 
attwenty there are lOD.of accommodation; this would 
give ua 10 cm. as the near point. At forty there are 
5 D.J in which case the near point is 20 cm. 

When the punctum proximum has receded to 22 cm. ; 
the point at which it is convenient to read is consider- 
ably further away, since for sustained vision only 
about half of the accommodation can be used. Thus 
a person with 4 D. of accommodation would have his 
near point at 25 cm. with the maximum contraction 
of his ciliary muscle, and if he can only comfortably 
use about half this for continuous work, his reading 
point would be 50 cm, ; this is far too great a distance. 
We bring back the near point by convex glasses, 
which is practically the same as increasing the accom- 
modation. 

Although we have said, that only about one half of 
the accommodation can be used for sustained vision, 
this is not absolutely correct, the amount which must 
be in reserve, varies much with different individuals ; 



180 THE EEFRACTION OF THE BTB 

thus in one case with a surplus of 1 D. much work 
be done, whereas, in another a surplus of 3 or 4 D.» 



^ji 



SymptomB. — The preabyope sees well at 
but has difficulty iu maintaining clear vision, for nt 
objects, the chief symptoms are a feeling- of wearini 
iu the eyes after reading, especially in the evenings^ 
small objects being less easily seen than formerlj^ 
because, having to be held farther from the eye thej 
subtend a smaller visual angle. The patient seeks ■ 
strong light, or places the lamp he is using- between 
hia eye and the book, by doing this he causes his pupils 
to contract and ao lessens his circles of diffusion, he 
avoids small print, and holds the book or work farther 
away. These symptoms are due to a recession of the 
near point, and if asthenopia occur, this may be 
dependent upon a disturbance of the balance between 
accommodation and convergence ; the convergence 
being the same for any given point, a much greater 
accommodative effort is necessary, than was formerly 
the case. 

The treatment of presbyopia consists, in prescribii 
convex spectacles for reading and near work, so 
bring back the near point to a convenient distan< 
In uncomplicated presbyopia distant vision isj 
course, good. We have only to remember to add 
1 J), for every five years up to sixty, commencing 
the age of forty-five. 

The following table gives approximately the atrei 
of glasses required by emmetropes at different ages, 
bring back their punctum proximum to 22 cm, 
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"BE. 
3-5 D. 


28 cm. 


GlBsi required to 
+ 1D. 


2-5 D. 


40 cm. 


+ 2D. 


16D. 


67 cm. 


+ 3D. 


B D. 


SOO cm. 


+ 4D. 


■OD. 


iaSoity. 


+ V5D. 



70 

To find the glass required in presbyopia, we sub- 
tract the glass which represents the receded near 
point from the glass whose focus represents the point 
we wish to make the near point. Thus the near point 
has receded to 50 cm.; the glass representing this 
point is +2 D. {''■^ = 2). We wish to bring the 
near point to 20 cm. ; this would be +5I>. ('5^ =5) j, 
hence +2 D. from +5 D. gives +3 D. as the glass 
required. 

Although glasses can be frequently thus ordered by 
a sort of rule of thumb, it is always well to bear in 
mind, that the definition given of presbyopia with 
reference to its near point is entirely anarbitrary one, 
and that we mnst take into account the distance at 
which the individual has been accustomed to read and 
work. In this there is great variety. Many small 
people work and read at 20 cm., whereas, very tall 
people may be uncomfortable unless the book they are 
reading is 35 or 40 cm. away. The distance for which 
the presbyope requires spectacles will also vary much 
according to the occupation for which he requires 
them. There exists a popular prejudice against the 
use of strong glasses, all sorts of maladies having 
been attributed to their use ; this prejudice is quite 
jmfounded, if too strong they may bring the reading 

i 
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point inconveniently near, or they may produce 
thenopia, but nothing more. 

Before ordering glasses for presbyopia, it is net 
sary to try the patient's distant vision, so that any 
hypermetropia or myopia may be recognised. If^ 
hypermetropia exist, the amount must be added 
the presbyopic glass; if myopia, it must be sul 
tracted. Thus a patient with hypermetropia reqairii 
+ 2 D. for its correction, at the age o£ forty-five 
require + 3 D. for reading (H. 2 D. + Pr. I D. 
+ 3 D.). 

A myope of 1 D., will require no glass at the age 
forty-five (M. 1 D. -f Pr. 1 D.= 0.). If the myopi 
be 'i'o D. then the patient can never require a gli 
for presbyopia, his far point being 22 cm. alwa^ 
His near point may recede to this distance when 
accommodation is lost, but he will still be able to read' 
at that distance, though at that distance only. 

Ae age advances the refraction of the eye diminishes, 
in other words, the eye if emmetropic becomes hypep- 
metropic {called acquired hypermetropia). The my- 
opic eye becomes leas myopic, so that a real improve- 
ment in vision takes place. The hypermetropic eye 
becomes more hypermetropic. This change takes 
place at a regular rate in all eyes, at 6fty-five th« 
refraction has diminished 2b D., at sixty-five "76 D. 
at sixty-eight 1 D., and at eighty as much as 2*5 
Thus at eighty an emmetrope will have acquiri 
2'5 D. of hypermetropia, and will therefore require 
a convex glass of 2"5 D, for distant objects to be 
clearly. A myope of 3'3 D. would at eighty hai 
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become emmetropic, and require no glass for distance. 
A hypermetrope of 2'5 D., will add on to his defect 
25 D., and will require a + 5 D. for distance. 
This change is due to a sclerosis and enlargement 
of the crystalline lens, by which its refractive power 
is diminished. 

Dr. Scheffler some years ago proposed the nee of 
what he called orthoscopic lenses, that is, lenses with 
two elements, a sphere and a prism, so proportioned 
that the amount of accommodation and convergence 
shouid exactly correspond. Thus in the case of 
preebyope, aged fifty, requiring +2 D., to make him 
read comfortably at 30 cm., it would be combined 
with a prism base inwards, that would bring the optic 
axes exactly to that point, the effect being complete 
repose both for the accommodation and convergence. 
The results, however, are not so good as might have 
been hoped ; the glasses are too heavy, and on looking 
at a flat surface some distortion is produced. Never- 
theless cases do occur, in which though the presbyopia 
is corrected, the patient after reading a short time 
complains of asthenopia. Such cases are frequently 
at once and completely relieved by combining with 
their spheres, prisms of 2° or 3° with their ba 
inwards, or by having the lenses decentred, so that he 
looks through the outer part of them, making thereby 
convex prisms. 

Care must be taken to see that the glasses are 
properly centred, unless they have been ordered 
otherwise, for if the frames are too broad, the len 
will form prisms with their bases outwards, and 



MiiL 



184 THE REFRACTION Of THE EXE 

are then very apt to give rise to asthenopia, by 
disturbing the relations between convergence and 
accommodation. 

In cases where the conyex glasses liave frequentlv 
to be changed for stronger ones, " glaucoma " shonld 
be carefully looked for ; and if any symptoms of it 
appear, no glasses must be allowed, as it is of the 
greatest importance to avoid all possible tension. 

The commencement of cataract also appears to 
hasten presbyopia. 

In each case of presbyopia, first test the patient'&j 
distant vision, so as to detect any hypermetro] 
myopia or astigmatism, and having recorded this, 
add the glass which he requires for his presbyopia anff 
try him with the reading type, if they sait we direct 
the patient to read with them for half an hour or so ; if 
found satisfactory we order spectacles of this Btrengtl>.j 

See Cases 12, 16, 17, and 18, pp. 228 and 233. ~ 
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Paralysis of the accommodation, either partial or 
complete, arises from loss of power in the ciliarv 
muscle (cycloplegia), and is dne to paralysis of the 
third nerve, or of that branch of it which supplies the 
muscle of accommodation and the circular fibres of the 
iris. Cases do occasionally occur, though very rareh\ 
of paralysis of the ciliary muscle, not involving l'"^ 
constrictor pupillie. Generally both eyes are e ~ 
frequently however only one. 
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When the paralysis is confined to the ciliary muscle 
and iris, it goes by the name of ophthalmoplegiar. 
interna. 

Cansea. — Atropine is the most common cause, bat it 
may be due to diphtheria, rheumatism, fever, any 
complaint of a lowering character, cerebral troublej 
syphilis, diabetes, or aome reflex irritation, e.g. decayed 
teeth, &c. ; the cause may however not be apparent. 
When the whole third nerve is invol ved, ptosis, esternai 
strabismus, &c., occur ; but in those cases where th© 
branch supplying the ciliary muscle and the circular 
fibres of the iris is alone implicated, the indicating sym- 
ptoms are, asthenopia, dilatation of the pupil, and loss 
of the power of accommodation, whereby the patient 
though able to see distant objects well (if emmetropic) 
is unable to read or do any near work. If hyper- 
metropic, both near and distant vision will be im- 
paired ; if myopic he is able to see only at his far 
point. We try the patient at the distant type, and if 
he is able to see |- and yet is not able to read near 
type, the diagnosis is obvious. 

Treatment consists in giving such convex glasses as 
enable him to read. In order to bring the emme- 
trope's far point from infinity to 35 cm. + 3 D. is 
required (y^ = 3 nearly}. We must bear in mind 
that by encouraging the action of the ciliary muscle, 
we hasten the patient's recovery ; this we do by giving 
the weakest convex glasses with which he is able to 
read, changing them for weaker ones occasionally 
as the ciliary muscle gains strength. Sulphate of 
eserine in solution grs. j to ^j, causes contraction of 
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the ciliary muscle aa well as of the iris, and tempo- 
rarily relieves the aymptoma ; I think much good 
sometimes resulta from its use once every other day 
for some weeka, the ciliary muscle being made to con- 
tract, relaxing again as the effect of the myotic pasaeB 
off: Bometimea the local application of electricity is 
useful. Attention muat be paid to the general health, 
iodide of potassium or nerve tonics being given, when 
indicated by the cause. 
i 13, p. 229. 
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^^V Spasm of the Accommodation may be of two kinds, 

^^^ Clonic or Tonic. 

I Clonic spasm occurs only when the eye is in nse, 

ceaaing as soon as it is in a condition of repose. 

Tonic spasm is more permanent, requiring atropine 
or one of the other mjdriates for its relief ; the ex- 
pression gpasm of accommodation usually refers to 
this variety of the disorder. 

Tonic spasm of the ciliary muscle may be occasion- 
ally met with in eyes whatever their refraction, though 
most commonly in cases of hypermetropia and low 
myopia, it has the effect of increasing the refraction 
of the eye, and is found most frequently in children. 
Causes. — It may occur as a result of uncorrected 
ametropia, or in emmetropia from overwork, especially 
when such work has been done in a bad light ; 
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result of contuaion of the eyeball, and sometimes it 
occurs with cyclitia. 

SymptODU. — It usually affects both eyes, giving rise 
to eymptoms of asthenopia with a feeling of con- 
striction and discomfort in the eyes themselves, there 
may be an increased secretion of tears with or without 
blepharospasm; the acutenesa of vision is uaoally 
diminished and is very variable, while the size of the 
pupil usually remains unaffected. In emmetropia we 
may get symptoms of myopia owing to the parallel 
rays coming to a focus in front of the retina. In 
hypermetropia the symptoms may also simulate myopia, 
and for this we should always be on our guard. I 
have on several occaaions seen hypermetropes going 
about wearing concave glasses, to correct their sup- 
posed shortsightedness. Only a few weeks ago I saw 
ayonn^manwho had worn — 7 D. constantly for years 
though hia refraction was really emmetropic. In 
myopia the real defect is apparently increased, and 
we might be in danger of ordering too strong concave 
glasses, &c. For these reasons the systematic uae of 
atropine in young people (whereby one is enabled to 
estimate and record the exact state of the refraction) 
cannot be too strongly insisted upon. The treatment, 
where spasm of the ciliary muscle is suspected, is to 
drop into the eyes three times a day, a solution of 
atropine grs. iv to 3J for two or three weeks, this 
quickly relieves the spasm and gives the eyes complete 
rest; to correct any ametropia that may exist; and 
to attend to the patient's general health, administering 
tonics if necessary. 
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A few cases of acute spasm of the accommodation 
have been recorded which resisted the treatment bj 
atropine^ the spasm though relaxed by this means^ 
returned as soon as the atropine was discontinued. 

See Case 1, p. 105. 
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CHAPTER X 
BTEABiauos (oTpitpiD, I tum Eside) 

STRABiaMna exists when there ia a deviation in the 
direction of the eyes, so that the visual axes are not 
directed to the same object. 

The points to note when a case of sti-abismua presents 
itself, are — 

1. Ia the strabismus real or apparent ? 

2. If real, to which variety does it belong ? 

3. Which ia the deviating eye ? 

4. In which direction is the deviation ? 

5. What ia the degree of the deviation ? 

6. What ia the cause of the strabismus ? 
Apparent may be mistaken for real strabisniua, by 

confusing the visual axis (which ia the line passing 
from the macula, through the nodal point to the object 
looked at), with the optic axis {which passes from the 
inner side of the macula, through the nodal point and 
the centre of the cornea) ; these two axes form an angle 
of about 5° in emmetropia (Fig. 85). This ia called 
the angle a, and when thus formed by the crossing 
of the visual and optic axes, it is said to be positive. 
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In hypermetropia (Fig. 86) the ang;Ie a increases 
with the degree of hypermetropia, and if it be I 




It. The niBculB. h. The 
ohjei^t. T u. The visual nxie. o H. The o; 
The angle alpha formed between the visual a: 
0. The centre of rotation of the ejeball situntwi oi 
optic axis. y. The oo^le gamma (Pig. 95) formed a 
centre nf rotation of the ejebail, by the optic >xii t 
line driiwn from tho centre Co the object looked ut. 
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may attain 7°, 8°, or even more ; this large angle gives 
to the eyes an appearance of divergence. 

In myopia (Fig. 87) the angle a decreases, and in 
high myopia the visual axis may approach the optic 
axis, so that the angle o is very small, or it may coincide 
with it, when no angle is formed, or even he altogether 
on the outer side of it, when the angle is said to be 
negative. This email angle a gives to the eyes an 
appearance of convergence.* 

In order to find out the variety to which our case of 
strabismus belongs, as well as to decide which is the 
deviating eye, we direct the patient to look at an object 
held about a metre in front of him, then gradually bring 
this object nearer t« him, so as to call into action the 
accommodation; if both visual axes continue to be 
directed steadily towards the object as it is made to 
approach the eyes, the case is one of apjmrent strabis- 
mus ; but if one eye fixes it, while the other after 
following it up to a certain distance, suddenly deviates 
inwards or outwards, the condition is spoken of as 
concomitant (convergent or divergent) strabismus; or 
both eyes may follow the object up to a certain point, 
when one stops, after perhaps making a few jerking 
oscillating movements; it then belongs to the 
paralytic variety of strabismus. Again, having 
covered one eye with a card, or what is better with an 
opaque glass disc, which, while preventing the patient 
seeing with that eye, yet allows us to see the move- 
* Anotlier angle sometimeB mentioned U the angle 7, which is the 
angle formed Rt the centre of rotation of the eje b; the optia aiia, and 
a line drawn froio this centre to the object loolied at. Shown in 
Fig. 86. 
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menta that take place beliind it ; we direct him to fii 
with the other eye some object, such as a pencil held 
about half a metre in front of him. If the covered eye 
make a movement inwards, the squint is real, and this 
movement ia called the primwry deviation. If now tho 
fixing eye be covered, the squinting one uncovered 
and made to fix the object, the firat eye, which is now 
excluded from vision may make a movement inwards i^ 
this movement of the sound eye is called the sect 
deviation. 

When the primary and secondary deviationa i 
equal, the squint is aaid to be concomitant. 

The range of movement in concomitant squint is aa 
great as in cases where no squint exists, it is simply 
displaced ; in the paralytic form, the movements of the 
squinting eye are usually much curtailed; this we 
easily detect by holding up the finger about SOcm.Btj 
front of the patient and directing him, while keepiiM 
the head stilt, to follow the movements of the f 
which is moved to either side, then up and down. 
the concomitant form, the squinting eye will i 
exactly accompany the other, the visual lines being ad 
the same angle except perhaps in the extreme peri- 
phery, whereas in the paralytic form, the movement in 
one eye will stop at a certain point, while the other 
eye continues to follow the finger. 

When either eye fixes indifferently, the vision h 
equally good in both, it is called alternating i 
bismws. Monolateral or constant when the Bame I 
always squints; the vision in the squinting ^yfl 
usually below that in the fixing one. 
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Periodic when it only comes on occaaionally, as after 
looking for some time at near objects. If judiciouBly 
treated this variety can be cared without operation, if 
neglected it generally passes on into one of the con- 
etant forms. 

In concomitant strabismus the primary and secon- 
dary deviations are equal. In the paralytic form the 
secondary deviation usually exceeds the primary. 

There are several ways by which we may estimate 
the amount of the deviation. We may indicate it in 
the form of a diagram ; the position of the pupil to the 
internal canthns when looking as far as possible to one 
side, will show the extreme range of the eye inwards, 
then direct the patient to look in the opposite direction, 
so that we may find the extreme rauge outwards, this 
we indicate by the position of the outer edge of the 
cornea, with the external canthns ; our diagram must 
of course include both eyes, so that we may judge of 
their relative range of movement. 

The strabismometer (Fig. 88) consists of a handle, 
supporting a small ivory plate, shaped to the lower lid 
and having on it a scale by which we measure the 
amount of deviation of the centre of the pupil. This 
ia an easy method of measuring the strabismus, but is 
not to be depended upon. 

The measurement of the angle of the strabismus, 
is the only reliable and exact method of recording the 
amount of squint and is the method therefore recom- 
mended. The angle of the strabismus may be defined - 
as that angle which the visual axes makes, with the 
direction it should have, in a normal state. 

13 
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For this meaBurement we reqnire a perimet 
front of wMoh we seat the patient, T^ith the qaat 




placed according to the kind of squint we an 
measure ; if it be a convergent or diverg^ent one, then 
the quadrant is placed horizontally. The patient being 
seated so that his deviating eye is in the centre of ihe 
instrument ; we direct him to fix with both eyes some 
distant object (o, Fig. 89) placed in a line with llie 
centre of the perimeter ; a lighted candle is i 
gradually along the inside of the quadrant from 4 
centre of the instrument outwards ; the observer, I 
lowing the movement of the candle with his head, stoM 
as soon as the reflection of the candle on the comeaof 
the squinting eye occupies the centre of its pupil I 
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gives the direction of the optiu axis, what we really 
wanted, was the direction of the visual axis, but for all ^ 
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practioal purposes the former is sufficient. The 
degree ia read off the quadrant at the point where the 
candle was stopped and this result recorded. We ' 
must nest measure the angle of deviation for near ' 
vision, by requesting the patient to look at the centre 
of the perimeter, proceeding with the candle as before, 
and recording the result. 

Strabismus may be concomitant or paralytic. 

The concomitant variety is invariably connected with i 

• In the aboTB ilingrnin o U intondeil to rcpreaent a distant object; 
it is placed nenr the perimeter in order to tnlie up less room. 
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errors of refraction ; in it the deviating- eye maintains 
unaltered its relative position to its fellow, in ever/ 
direction of vision ; whereas in the paralytic varietj 
the movements of the deviating eye are much curtailed. 

Concomitant strabismus is intimately connected with 
hypermetropia and myopia, it may be — 
Convergent, 
Divergent. 

Convergent Strabismos. — On looking at any object 
one eye only is directed to it ; the other, as the name 
implies, turns inwards, so that the metrical angle is 
much greater in the deviating, than in the fixing eye. 

It is almost always due to hypermetropia, probably 
at least 80 per cent, of the whole, being due to this 
cause, its method of production depends upon the inti- 
mate connection that exists between accommodation 
and convergence. 

The convergence is most marked when looking at 
near objects ; sometimes there may be no squiat vhea 
distant objects are viewed. 

A person who is hypermetropic, requires to use some 
of hia accommodation for distant objects ; for near 
objects he must of course, use still more, since for 
every increase in the accommodation, there is a desire 
for a certain increasing degree of convergence. Thus 
an emmetropic individual, accommodating for an 
object at 30 cm., would at the same time converge for 
that particular point. If the individual were hyper- 
metropic to the extent of -I D. possessing as he doe* 
the same amount of the accommodation as if emme- 
tropic, we will suppose 8 D. ; of this one half (4 D.) 
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would be required to enable liim to bring parallel 
rays to a focus on the retina; and be would have 
the tendency at the same time to nee half his con- ' 
vergence. Thus for distant objects he would have an i 
inclination to converge, his internal recti acting, and 




it is only by the increased tension of the external 
recti, called into action by the desire which all eyes 
possess for singleuess of vision, that convergence is 
prevented. The more we converge the more can we 
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accommodate ; so that on looking at near obji 
which means an increase of the accommodatii 
an increased tendency to convergence is prodaced, 

Now, if the hypermetropia be of such a degree that, 
for any given point of convergence, it exceeds 
positive part of the relative accommodation (Pig 
p. 49), one of two things must occur j either 
patient must see indistinctly by not accommodating' 
sufiBciently, or one eye must be allowed to converge. 
Some patients will prefer binocular indistinct vision, 
others, single clear vision with sqnint. 

One occasionally finds an individual who can thns 
choose which he will do ; we are trying his acutenesa 
of vision at the distant type perhaps, he stops at some 
place, we will suppose ^, and says that he ia unable 
to read the next two lines unless he squint. The 
accommodation necessary to read ^, makes a heavier 
call on the convergence than can be borne ; such a 
case forms a good illustration of the manner in which 
convergent strabismus is produced in a hypermetro] 

Hence, if the impulse to see distinctly, 
than the desire to retain binocular vision, one 
yields, and squint occurs ; at first diplopia foil 
the convergence, and is always in the opposite di 
tion to the deviation. Possibly the convergence 
the deviating eye is increased by the desire, that the 
weaker image may be made still weaker, by falling on 
a more peripheral part of the retina. At first the 
diplopia may be very annoying, but by degrees thfl 
sensorium learns to suppress the image of the weaker 
eye, which after a time becomes amblyopic. 
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earlier the age at whicli the squint appears, the 
sooner does the sight in the deviating eye thus 
deteriorate. 

Some observers deny that amblyopia ie ei 
developed as a result of squint, but consider the 
amblyopia so frequently met with, as congeuital, and 
therefore one of the combining causes of the strabis- 
mus ; at present there is but little evidence in support 
of either theory. 

la high degrees of hy per metro pia, when no amount 
of accommodation can make vision distinct, squint is 
less likely to occur. It is usually, therefore, in cases 
of from 2 to 4 D. that convergent strabismus is most 
fi-equently met with, and it generally makes its 
appearance about the fifth or sixth year, so soon in 
fact, as the child begins to use its accommodation 
much for near objects. Anxious parents frequently 
have all aorta of excellent reaaons to which they 
attribute the defect ; they say that the child has been 
imitating its playmate, or that the nurse did some- 
thing which caused it to squint, perhaps by making 
the child look too much, or too constantly in o 
direction. 

Any cause which by rendering the image in one 
eye, less distinct than that in the other, as nebulae, 
ulcers of the cornea, a difference ia the refraction 
of the two eyes, or even wearing a shade for a few 
days for some trivial complaint, may, where hyper- 
metropia is present, combine to produce atrabismu 
the impulse of binocular vision is lessened, and the 
eye in which the fainter image is formed, converges. 
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It ia thus Been that convergent strabiamua gradually 
destroys binocnlar vision. In casea of hypermetropia, 
where binocular vision does not exist owing to great 
difference in the refraction of the two eyes, divergent 
Btrabiemos may occur. 

This intimate conuection between accommodation 
and convergence, together with the method of the 
production of strabismus, will he more easily under- 
stood by carrying out some Bach simple experiments 
as the following. We will assume the observer to be 
emmetropic ; the strongest concave glass with which 
he, having binocular vision and being at a distance of 
ais metres, can still read ^, is the measure of the 
relative accommodation. The absolute accommodation 
is measured by the strongest concave glass, ivith which 
each eye separately can read |. In my own case, with 
—4 D. before each eye, § can be seen sing-]y and dis- 
tinctly,— 4'5 D. renders it indistinct, and each increaE^ 
in the glass increases the indistinctness, bat produces 
no diplopia. Separately each eye can overcome —7 
D. Armed with —4 D. before each eye, I am able to 
see ^ distinctly, using of course 4 D. of my accommo- 
dation ; if a colored glass be placed before one eye, 
homonymous diplopia at once appears, proving that 
one eye has deviated inwards; with —3 D, and tlia 
colored glass, squint was produced, but with 
weaker concave glass. 

On repeating the experiment in an individual "wiA 
"5 D. of myopic astigmatism in one eye, and emmetropift 
in the other, —2D. before each eye was the strongest 
glass with which ^ could be seen clearly and aingl 
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— 2"5 D. did not render it indistinct, bat produced 
diplopia. The absolute accommodation for each eye 
amounted to 6 D. With —2D. before each eye the 
colored glass was placed before the astigmatic one, 
and diplopia was produced. With —ID. and the J 
colored glass the result was the same, except that the j 
two images were nearer together. With —'5 D. 
actual diplopia was uot produced. 

These experiments require but little explanation. 
In my own case, when using 4 D. of accommodation, i 
I have the tendency also to use a correspondin 
amount of convergence ; I am conscious of this 
muscular disturbance by the effort I make and by a 
feeling amounting almost to giddiness, produced when 
first looking through the —4 D. The instinctive 
desire to see clearly and singly is so great, that the 
external recti contract, thereby balancing the increased 
contraction of the internal recti. Any increase of my J 
accommodation above 4 D. when looking at ^ causes 
the letters to become indistinct, the desire to main- 
tain binocular vision, being greater than that for 
clear images. On placing the colored glass before 
one eye we diminish the retinal impression in that 
eye ; the demand for binocular vision ia lessened, 
the external recti ceases to act, and as a result of 
the increased action of the internal recti, squint ■ 
occurs. 

In the second experiment the retinal impression in I 
one eye, even with so slight an amount of astig- 
matism, is reduced, so that with 2 D. of accommodation < 
without convergence, the desire for clear images 
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greater than that for binocular vision, and diplopia 
the symptom of squint resnlta, 

A certain number of cases of convergent strabismus 
get well with advancing age ; a possible explanation 
of this is that, aa the accommodation diminishes, the 
time at length arrives, when the amount of accommo- 
dation at the patient's disposal, is not sufficient Co 
produce clear images, he therefore relaxes his accom- 
modation and with it, extreme converg-eace. This 
spontaneous cure is most likely to take place when the 
sight in both eyes is good. 

Divergent Strabismus exists when one eye only fixes 
the object looked at, the other deviating- outwards (Fig. 
01). It ia usually dependent on myopia, but it may 
occur in any eyes in which binocular vision does not 
exist, as in some cases of high hypermetropia or 
astigmatism, or it may result from a too free division 
of the internal rectus muscle, in attempting; to cure & 
case oE convergent strabismus. I Have seen one case 
in a young person with hypermetropia 1 D., whose 
visual acuteness was f for each eye ; the cause of the 
divergence here was no doubt a congenital iasiiffi> 
ciency of the internal recti. 

Divergent strabismus may also be paralytic. 

The divergent is much less common than the con- 
vergent variety of strabismus. 

In myopia the antero-posterior diameter of the 
eyeball is elongated, the range of movement is 
diminished, and the extreme convergence wh.ich is 
necessary to enable the patient to see objects within 
his far point, tires out the internal recti muscles, 



gfiving rise to muscular asthenopia, to relieve this 
one o£ the internal recti gives way, and the eye 
deviates outwards. 

Sometimes the deviation only takes place after the 
patient has been working some time and the eyes feel 
fatigued ; in others it is only noticed when looking at 

Pig. 91. 




objects beyond their far point. Soon, however, the 
squint becomes constant, and a divergent atrabismas 
once established usually increases- 
Treatment of squint consists in prescribing proper 
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glasseB, with or without a course of mydriaticB, sup- 
plemented in some cases by tenotomy. 

In concomitant convergent straliismus, when ihe 
squint has just commenced, and arises only under tie 
influence of excesaive accommodation necessary w 
enable the child to see near objects (periodic sqniDtl, 
then resting the eyes by allowing no near work to be 
done, may suffice to remove the deviation and so 
preserve binocular vision. 

It is obvious that such treatmtent cannot be indefi- 
nitely carried out, and therefore we endeavour to 
relieve excessive accommodation by means of convei 
glasses J the child is placed under atropine and the 
amount of hypermetropia found oat by retinoscopj, 
or some other method, and such glasses ordered that 
will correct the total error within 1 D. or so (the 
nearer the full correction the better). These glasses 
mnst be worn constantly. 

I£ any astigmatism is present this should be cor- 
rected at the same time, so as to relieve the ciliarj 
muscle as much as possible, and bring up the visual 
acuteness of the patient to its highest standard. 

When the convergent strabismus baa already 
become permanent, we must keep the patient under 
atropine for a week or two, correcting his hyperme- 
tropia with glasses at the same time, while be must 
be cautioned to abstain as much as possible from 
looking at near objects, the mere impulse of conver- 
gence being sufficient to produce the squint. In some 
cases this treatment will be sufficient to core the 
strabismus; and if at the end of a year or so, no 
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recurrence of the squint has taken place, au attempt 
may be made to leave off the spectacles when out o£ 
doors, using them only for near work. 

If the case be one of the leas common forms of 
squint, divergent with myopia, wo endeavour to give 
the patient as near as possible his full correction. 
When the vision in the two eyes is different, that in 
the squinting one being more or less amblyopic, it is 
of service sometimes to exercise each eye separately 
for a certain fixed time daily. 

It will be seen that after the use of atropine the 
squint may be diminished, or, in slight cases, have dis- 
appeared; this is, of course, due to accommodation 
being rendered impossible. Eaerine has also been 
used with the same object. 

Should the child be too young for spectacles (under < 
three years), we must endeavour to prevent the 
increase of the squint and also prevent the deviating 
eye from becoming amblyopic ; this can best be done 
by keeping the child atropized for a few weeks at a 
time and occasionally tying up the eye which does 
not squint, and so compelling the deviating eye to be 
used, thus preserving its visual acuteness ; it has of 
course no effect on the deviation, the covered eye con- 
verging under the bandage. After the age of three, 
spectacles may be prescribed. 

In many cases, after the spectacles have been worn 
for some months, it will be found that the strabismus 
still exists, and it will then be necessary to supplement 
the treatment by tenotomy. A free division o£ one 
muscle may cm-e a deviation of 15°; when a greater 
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effect is required both internal recti may be dividei 
or the tenotomy may be combined with advanced^ 
o£ its antagonist. 

In some cases after operation it will be found tlu 
binocular vision is not obtained, the image in 1 
squinting eye being disregarded or projected in »1 
wrong direction producing diplopia, here good mayl 
be done by Orthoptic Exercises ; these exercises i 
be carried out with a stereoscope. 

Box stereoscopes are now made without prisma a 
fitted with a clip at each sight-hole capable of takinf 
the lenses of the ordinary trial box. The patient 
being emmetropic will require in the clip a convex 
glass, whose focal length corresponds with the lengtb ■ 
of the stereoscope, thus if it be 16 cm, long, be willri 
require + 6 D. ; had the patient been hypermetropio'^ 
3 D., then he will require + 9 D. ; if myopic 3 D., then 
+ 3 D. would be the glass required, the object is to 
enable him to see the slide at the end of the stereoscope 
without accommodating. A convenient slide may be 
made, composed of two vertical lines, one above and the 
other below the same horizontal line, so arranged that 
the two lines can be made to recede or approach each 
other : this test object is placed in the box instead of 
the ordinary views. The two lines being now separated 
to a distance equal to that between the two eyes, and 
the chps containing the necessary convex glasses, the 
patient will see the lines without accommodation or 
convergence, and should succeed in fusing the tw 
lines into one, when this is done binocular vision i 
obtained with parallelism of the lines of fixati 
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endeavour at future trials to obtain fusion with i 
equal amount of convergence and accommodation, this 
is done by sliding the two lines towards each other 
abont 1 cm, this will call into plaj something like 
1 m. a. of convergence, we then diminish the convex 
glass I D. so that the amount of accommodation 

Fia. 9S (Landalt). 



provoked (1 D.) may correspond to the amount of 
convergence. In this way we slide the lines nearer 
and nearer together, diminishing the + glasses at the 
same time, until the two form one vertical line, then 
binocular vision is obtained with m . a. of convergence 
and with G D. of accommodation j when this point haa 
been reached, stereoscopic pictures may be used as 
slides. 

Paralytic strabismus does not come within the 
province of this work. 

See Case 22, page 236. 
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ASTHENOPIA 

Abthenofu ('A, priv. ; aBevot;, strength; uiif/, i 
eye), or weak sight, is a term used to designate a groifl 
of symptoins, which indicates a conditioii of fatt'gi 
of the intra- or extra-oculai' muacular systems, 

Asthenopia frequently accompanies hypernae tropin 
myopia and astigmatism, and reference has 
been made to it when speaking o£ these errors < 
refraction. We alao meet with it in a certain um 
of cases where no ametropia exists. 

Asthenopia shows itself by the inability to contia 
a steady and prolonged convergence, and is accoi 
panied with more or less pain; it is eiceedind 
common, and one may state with confidence that j>ai 
in the eyes, unconnected with inflammation, is almoi 
invariably due to asthenopia, and but seldom to t 
deep-seated disease, and the more acute the pain I 
more does it point to asthenopia ; as a rule, howen 
the pain is not very severe, it may be situated in I 
eyes themselves, or around the orbits, and is aim 
increased when the eyes are used for near objects; 
some cases no pain is felt, but after reading fo; 
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while the type becomes indiatinot or double, so that 
the patient has to stop and look about the room, or rnb 
his eyes, after which he will be able to resume reading 
for a short time, to be again quickly interrupted by a 
repetition of the same aymptoma. If the work be still 
persisted in, the pain around the eyes increases, there 
is photophobia, a sensation of dazzling and dimness, 
more or less conjunctival congestion, the eyes becoming 
red and irritable ; all these symptoms are liable to be 
worse in the evening after a day's work, when there is 
the additional disadvantage of an artificial light, 
which is in itself hot and irritating, 

Headache is often a prominent symptom of asthe- 
nopia ; it may take the form of heaviness or pain over ■ 
the brow (which may or may not be combined with | 
general headache) ; it is often periodic in character, 
and is always made worse by reading; frequently I 
there is a tender spot on the top of the head, or pain ( 
in the occipital region, occasionally also there ia pain. ' 
in the back of the neck. These symptoms may be 
associated with dyspepsia, palpitation, and vomiting, 
and in some cases insomnia is a marked symptom. 

This train of symptoms has occasionally been so i 
severe as to lead to the diagnosis of brain diseasB, 
hence it is a good rule to test the refraction under 
atropine in all cases of persistent headache not giving 
way to ordinary medical treatment, and it must be 
remembered that a very slight amount of astigmatism 
left uncorrected, even though the chief portion of ib 
may be corrected, will be sufficient in some cases to 
keep up the headache. 

14 
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There is little doubt that frequently reflex nervous 
disorders are caused by asthenopia. 
Asthenopia may be divided into — 

1. Accommodative. 

2. Muscular. 

3. Reflex. 

Accommodative Asthenopia is exceedingly common^ 
aud is produced by an inability to maintain the neces- 
sary accommodation^ and may arise (a) from a weak 
condition of the ciliary muscle, (6) from excessive use, 
as in hypermetropia, (c) from unequal demand, as in 
astigmatism, {d) from unequal demand in the two eyes, 
as in anisometropia, (e) from diminished elasticity of 
the lens, as in presbyopia. 

When Bonders discovered the common occurrence 
of hypermetropia, he soon became aware of the 
intimate connection which existed between it and 
asthenopia; and was at first inclined to attribute 
every case to this cause. Where no manifest 
hypermetropia was present, he gave a solution of 
atropine to paralyse the accommodation, feeling con- 
fident that some latent hypermetropia would then 
display itself : such cases were usually completely 
cured by proper convex glasses. This accommodative 
asthenopia is due in great measure to the constant 
and excessive action of the ciliary muscle, but partly 
also to the abnormal relations existing between the 
two functions accommodation and convergence; this 
statement is supported by the fact that hypermetropes 
who squint seldom suffer from asthenopia. An emme- 
trope looking at distant objects, does so without any 
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accommodation, the ciliary muscle being passive ; but 
the hjpermetrope has to use his ciliary muscle even for 
distant objectSj and therefore much more for reading 
or near work ; so that the ciliary muscle practically 
gets no rest. A young and vigorous patient whose 
hypermetropia is not very high, may resist asthenopia 
for a long time, but as he gets old, or his health 
suffers from any caose, symptoms of this disorder are 
apt to appear, and when once established they are 
very liable to continue notwithstanding improvement 
in the patient's general condition. If the patient be 
a woman, asthenopia is very apt to come on during 
lactation. 

Treatment. — We order such glasses as are necessary 
to correct the refraction according to the rules given. 
In some cases where convex glasses do not pi-oduce 
the desired relief, prisms of 2° bases inwards combined 
with the spherical correction are of great use, or in 
slight cases we place the convex glasses somewhat 
near together so that the patient looks thi'ough the 
onter part of them {Fig, 94) . This plan is frequently 
very useful in presbyopia. Here the asthenopia is 
dne to a greater muscular effort being required to 
produce the necessary change in the shape of the less 
elastic lens, and perhaps also in part, to the difficulty 
of maintaining an exact state of equilibnum between 
the internal and external recti muscles. 

In hypermetropia there is awant of harmony between 
the accommodation and the convergence, the two 
fonctious having to be used in unequal degrees and 
when we correct his refraction with glasses, he will 
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have to use these two functions equally, or at least ii 
different proportions to that to which he has beei 
accustomed. Many people are a'ole at once to accom' 
modate themselves to this new state of affairs ; but 
there are others in whom the force of habit is so strong:, 
that they cannot thua throw off the acquired habit of 
using the accommodation in excess of the convergence. 
You mnst not, therefore, be discouraged if occasionally 
your patient is not at once and completely relieved of 
his asthenopia, as soon as you have given him convex 
spectacles. A fortnight's trial should be made before 
■we can decide that such spectacles will not relieve the 
patient of his asthenopia. 

Asthenopia depends much upon the nervous system 
of the individual, in some a very slight amount of 
astigmatism will produce accommodative asthenopia ; 
one hypermetrope will have no uncomfortable feelings, 
while another whose condition seems exactly similar, 
will suffer much, so that it is essential to attend to the 
patient's general health and nervous system. 

Hnscular Asthenopia is most frequently due to 
myopia though it occasionally occurs in emmetropia 
or even hypermetropia, it is characterised by the 
inability to maintain prolonged convergence. The 
patient complains that the eyes become tired, especially 
during the evenings, reading or writing cannot be 
continued for any length of time ; then he haa pain is 
and around the eyes, with headache ; objects look dim 
and indistinct, and there is a tendency to see oliiecta 
double ; sometimes the patient experiences a b 
as if one eye had turned outwards, which mav { 
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be the case; frequently the patient finds relief by 
closing one eye. 

This muscular asthenopia is due to insuffciency of 
convergence, the amplitude of convergence being more 
or less diminished. The internal recti are weaker than 
their antagonists the external recti, so that they are 
obliged to keep up a vigorous action to prevent the 
eye from deviating outwards, this leads to fatigue of 
the internal recti with its accompanying symptomB. 
As in the accommodative variety we find great indi- 
vidual differences due, no doubt to the fact that some 
individuals are able to dissociate the two functions 
accommodation and convergence, more thau others. 

In myopia the disturbance of the two functions 
accommodation and convergence, may in some measure 
tend to the production of this form of asthenopia. 
Thus a patient with 4 D, of myopia has his punctum 
remotum at 25 cm., to see an object at that distance, 
he must converge to that point, maintainingat the same 
time a passive condition of his accommodation. 

The two following tests for detecting this insuffi- 
ciency of convergence are commonly employed. 

The patient is directed to look at some small object 
(such as the point of a pencil) about 30 cm. off, with 
one eye, while the other is excluded with a ground 
glass disc ; the pencil is now gradually approached, the 
covered eye being watched, at a certain point it will 
be seen to deviate slightly outwards ; as soon as the 
eye is uncovered it makes a corresponding movement 
inwards to fix the object; on repeating the experi- 
ment with the other eye, exactly the same takes place. 
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tlie reason of this ia^that when one eye is covered tbe 
stimulus for binocnlar vision is lost, so that the eye 
which is excluded from vision is abandoned to the 
unbiassed action of its muscular system and deviates 
outwards, returaiug to its normal position when again 
allowed to take its part in vision. 

The second and more accurate test, is to place a 
KiG 93 pi'i^'^ of about 15°, with its base down- 

I wards, in a spectacle-frame before one 
eye ; by this means we cause a displace- 
ment of the eye upwards, and of course 
also vertical diplopia. The patient ia 
now directed to look steadily at a card on 
which is drawn a line with a dot in its 
centre, placed at the patient's ordinarr 
reading distance (Pig. 93). Naturally he 
will see two dots. If he see one line 
only with two dots on it, his muscles are 
assumed to be of the normal strength ; if, 
however, two lines are seen with a dot on 
each, then insufficiency exists ; and the 
strength of the prism which is necessary 
with its base inwards to produce fusion, ia 
the measure of the insufficiency. 
Treatment. — In cases of myopia we give 
such glasses as correct the refraction, and 
when worn constantly these frequently succeed in 
relieving the asthenopia, when such is not the case 
weak prisms bases inwards, by which we diminish the 
amount of convergence necessary, often give instant 
relief. It is sometimes useful to combine the prisma 
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Tcitk concave glasses, or by separating the glasses 
somewhat widely, we may produce the Bame result. 
Fig. 94 shows concave spectacles acting also as prisma 
by being slightly separated, and convex ones having 
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the same effect when placed so close together that 
the patient looks through the outer part of the lenses. 
When actual divergence of one eye takes place, 
advancement of the internal rectus with division of 
its antagonist may be necessary. 
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Reflex Asthenopia. — In addition to these cases of 
asthenopia occurring with hjperruetropia, myopia, and 
aatigmatiBm, which should be relieved by the glasses 
which are necessary to correct these errors, and restore 
the balance of their extra- and intra-ocular mnsciilar 
systems, everyone will occaaiooally meet with cases in 
which no ametropia exists, as proved by placing the 
patient under atropine and then testing his refraction. 
RefUx asthenopia has been the name given to these 
cases, they are often exceedingly tronblesome, and 
occur most frequently in young unmarried mrls of an 
hysterical or nervous temperament. If it occur in 
men, such are usually feeble, hypochondriacal, and 
nervous. Frequently the only symptom present in 
addition to the patient's feelings of pain, tension, 
photophobia, heat, &c., is a certain amount of conjano- 
tival trouble and increased secretion, with a. feeling of 
itching and pricking. Sometimes with the ophthal- 
moscope, the retinal veins seem rather full, with or 
without a slight amount of haziness about the edges of 
the disc. This form of the disorder may be attributed 
to long hours of working, reading, or writing. I have 
met with several cases amongst those making gold 
lace, and no doubt the bright materials here worked 
with, had something to do with the production of 
asthenopia, Complete abstinence from work does not 
always bring relief. It seems generally accepted by 
all authorities on this subject, that in such cases the 
nervous system is exceedingly sensitive and unstable. 
Frequently there is disturbance of the uterine organs ; 
when leucorrbcea exists in young unmarried worn 
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with troablesome asthenopia^ masturbation may be 
suspected. Irritation of the fifth nerve from carious 
teeth may also be a cause. The treatment of this 
reflex form of asthenopia is to endeavour to find out 
the cause and remove it, with rest for the eyes during 
certain fixed portions of the day. 
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CHAPTER XII 

SPECTACLES 

Having referred to the acbject of spectacles, when 
considering the correction of the different forms of 
ametropia, I will now briefly recapitulate what was 
then said, even at the risk of being accaeed of on- 
necessary repetition. 

Hypermetropia. — So long as ^ can be read with each 
eye,nogla88isneceasary for distant vision; for reading, 
&c., we give snch glasses aa correct the rtianifeat and 
^ of the latent hypermetropia. 

If distant vision be improved by convex g-laases 
then such may be prescribed. 

In hypermetropia complicated with strabismus we 
estimate the total hypermetropia under atropine, then 
give glasses that correct this within one dioptre ; this 
correction to be worn constantly. 

Myopia. — In cases of low degree we may prescribe 
folders for distance, and allow the patient to read and 
write without glasses if only he keep a long distance 
(30 cm.) from his book and suffer no inconvenience. 
In medium degrees the best results often ensae when 
the full correction is worn constantly both for near and 
distant objects. 






SPECTACLES 

Where the myopia is of high degree, the fall cor- I 
rection may be satisfactory for distance, but uncomfort- I 
able or impossible for reading, owing to the accoi 
dation being insufficient ; such glasses also have tha | 
disadvantage of diminishing the size of objects ; here I 
we give two pairs of spectacles, one for distance and ] 
a weaker pair for reading. 

Astigmatiam.. — Our object is to give as near as I 
possible the full correction (found by atropising the 
patient), these glasses should be worn constantly. 

Atropine is seldom necessary in patients over thirty i 
years of age. 

Convex glasses render parallel rays which pass I 
through them convergent, they add therefore to the \ 
refraction of the dioptric system and are called jiosi- 
tive. 

Concave glasses render parallel raya divergent, they 
therefore diminish the refraction of the dioptric system j 
and are called negative. 

Convex glasses add to the quantity of light entering 
the eye, while concave glasses diminish it. 

The size of the image is modified, thus positive 
glasses bring forward tbe centre of refraction and 
so increase the size of the image, while negative 
glasses carry this centre backwards and so diminish 



Glasses may be made of rock crystal (commonly 
called pebbles) or crown glass. Those made from the 
former material have the advantage of being harder 
and are therefore less liable to be scratched than glass ; 
the weight is much the same in both cases ; pebbles 
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absorb more heat and unless cut exactly right, are a 
to refract unequally, besides it ia difficult to get r 
crystal free from striEe, so that glasses made f 
good crown glass are quite equal to the best pebblsj 
and very much cheaper. 

The frames may be made of gold or steel. The) 
should fit the face well. The bridge must suit tU 
nose and be of such a height, that each eye loob 
exactly through the centre of its glass. When woq 
for myopia or hypermetropia they should not '. 
further from the eye than 13 mm. For presbyojw 
the person may be allowed to suit bia own convenieni 
and comfort, 2^ cm. being an ordinary distance. 

Single glasses may occasioually be allowed in loi^ 
degrees of myopia for looking at distant objecta. I 
They have this disadvantage, however, that Bom 
times one eye ia used so entirely, that the sight in th( 
other may deteriorate from want of sufficient ■ 
Folders (pince-nez) may be used in similar cases to tlu 
above, and also to read or work with in presbyopia. 
Spectacles are as a rule to bepreferred, since they are 
more accurately centred and fit better. For distant 
vision the glasses should be in the same atraig'ht lines 
for near vision they should slightly converge, so a 
be exactly at right angles to the visual axes. 
addition to concave, convex, and cylindrical glas 
others are sometimes used. 

In cases of astigmatism it has hitherto been t 
custom to order spectacles and not folders, as i 
latter it is difficult to be certain that the cylindrioj 
glasses are always in their proper axis. Met 
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Pickard and Curry have lately bronght oat aa 
ingenious pince-oez which is free from this objec- 
tion. The two glasses slide on a horizontal spring, 
and are so arranged that they fit on the nose very 
easily and are exceedingly comfortable. 

Stenopaic spectacles consist of an opaque screen with 
a small central aperture which may be of any shape 
according to the case, so that all the peripheral rays 
are cut off ; only such as are in the optic axis being 
allowed to pass through. They can be combined with 
convex or concave glasses, and are often exceedingly 
useful in cases of leucoma, nebulse, irregular astig- 
matism, myopia, &C., where the vision is much 
disturbed. 

Prismatic spectacles may conaiat of prisms alone, or 
they may be in combination with concave or convex 
lenses. Their use is called for in certain cases of 
paralysis of muscles, to prevent diplopia ; also in some 
cases of hypermetropia, when they are combined with 
convex glasses of the strength of 2° or 3°, With their 
help the patient is able to converge more, and there- 
fore accommodate more, for a given point. Some 
myopes, who can read well without glasses, suffer from 
asthenopia, which can be relieved by prisms, basea 
inwards ; because without them, they have to use their 
convergent power, while their accommodation is at 
the same time passive. 

Pantoscopic glasses, the upper half of these glasses 
have one focus, the lower half another. Thus a 
presbyopic person may also be myopic. The upper 
half of the glass would then be concave for distance, 
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the lower lialf convex for near work. Painters some- 
times find such glasses very useful, 

Tintedglasaes are sometimes required f or diminisliiiig 
too much light, in cases of irritation or inflammation ol 
the retina ; in some cases of photophobia, arising fron 
Tarious causes, aa myopia, &c. "Where the aim is to 
relieve the retina without injuring the distinctness of 
vision, the light blue glasses are the best, aa they cut 
oft the orange rays ; where the object is to act on the 
quantity and not the quality of the light, smoke colored 
glasses are to be preferred. Tinted glasses sometimes 
do real harm as in cases of asthenopia by increaaing 
the sensitivenesa of the retina, they are always some- 
what heating to the eyes, in proportion to the amount 
of rays they absorb. We sometimes combine them 
with convex or concave glasses. 

There are also various forms of protectors ; those 
hollowed out like a watch glass so as to fit closely, are 
to be preferred to those with wire sides called goggles, 
or those with aides of glass, which have the dis- 
advantage of being too heavy. Workmen wear 
different sorts of protectors to keep off dust, fragments 
of atone, &c., which may be made of glass, talc, or 
other material. 

It is sometimes necessary to find out and record the 
strength of glasses that are being worn ; this is easily 
done. If convex, we take a concave glass out of the 
trial box, hold it against the glass we are trying 
and look through them at a line, e. g. the bar <ig 
window or any similar object; we move the glai 
to and fro in front of the eye, if the Hoe rein 
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immovable the neutralization is complete, if it move in 
tlie same direction, the concave glass is too strong; if 
in the opposite direction, it is not strong enough. 



Cases 



Commence the examination in a systematic manner : 

First, notice the general appearance of the patient, 
then the shape of the head and face. Next the eyes, 
as to whether they are large and prominent, or small 
and sunken looking. Listen patiently to the sufferer's 
complaints, and having submitted to this ordeal, test 
the acuteneas of vision of each eye separately, and 
afterwards together, writing down the result, remem- 
bering always tocommence with convex glasses. Then 
place the near type in the patient's hand, noting the 
punctnm proximum and the pnnctam reraotum. Next 
pass on to the ophthalmoscope, first applying the 
" retinoscopic test, " then the " indirect examination, " 
and finally the " direct method, " first at a distance, 
and then close to the eye. If any ametropia exists, 
the advisability of paralysing the accommodation with 
atropine must be considered. 

In order to illustrate this method of examination, I 
will give a few cases, in addition to those which will 
be found at the end of the chapter on Retinoscopy. 

Cask 10. Hypermetropia. — E, M, — , a young woman, 
a bookbinder, aet. 17, suffering from tinea tarsi, 
complains that her eyes get very tired at night, so 
mach BOj in fact, that she is unable to read for any 
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length of time. Her general appeai-ance is healthy, 
and nothing special is noticed about her face, except 
that the eyes are small, The acutenesa of vision for 
both eyes ia normal. On placing +1 D. in front of 
the right eye ^ is seen more distinctly than without, 
with +2D. -lis still read, with +2"5 D. vision i a 
not 80 good ; the same result ia obtained with the left 
eye. + 2 D. for each eye, is the strongest convex 
glass with which -^ can be read, and ia therefore the 
measure of her Hm. We record it thus — 

E.V.|Hm. 2D.=S. 



On placing the patient in the dark room, and 
directing her to look at some distant object or at a 
black wall, so as to relax as much as possible the ac- 
commodation; with retiooscopy the shadow we 
perceive moves slowly against the mirror, we put 
+ 3 D. in a spectacle frame, in front of the eye. The 
shadow is more distinct, and moves more quickly. 
We try stronger glasses and then find that +3-5 D. 
ia the highest with which we still get a reverse shadow. 
Both eyes are alike. 

Next examine with the ophthalmoscope. By the 
indirect method the disc becomes smaller on with- 
drawing the objective from the eye. With the mirror 
alone at a distance, we see an image of the disc which 
moves with the observer's head, proving the image 
to be an erect one. On approaching the eye the disc 
is not seen well, unless we put in force our oirn 
accommodation ; with our accommodation suspended. 
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we turn the wheel of the ophthalmoscope bo as to 
bring forward convex glasses, the clearness of the 
fundus is improved; +3 D. is the strongest convex 
glass with which the details can be distinctly and 
clearly seen by myself. 

We might be satisfied with this result, assuming 
3"5 D. to be the amount of total hypermetropia ; but 
in young people it is much more satisfactory lo be 
able to record once and for all the total hyperme- 
tropia beyond doubt. Atropine (gi's. iv to ^j) was 
therefore ordered, one or two drops to be placed in 
both eyes three times a day for four days, wai-ning 
her that she will be unable to see well and that the 
pupils will be dilated during their use. We also 
recommend a shade to be worn to protect the eyea 
from the light. 

On her return she reads only ^'jj- with each eye, and 
she now requires +5 D. to enable her to read §. We 
also find with retinoscopy that +5 D. is the strongest 
glass with which we get an opposite shadow. 

Our patient, therefore, has a total hypermetropia of 
5 D., two dioptres of which were manifest and three 
latent. For work and reading we order her spectacles 
+ 3 D. At present she will not require them for 
distance. About thirty she will probably require her 
glasses increased to +4 D. ; about forty she may be 
able to bear her full correction, and may then begin 
to wear them constantly. 

We most remember that when atropine has been 
used it is necessary to tahe off 1 D. from the measure- 
ments thus fonndj as before explained. 

15 
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Case 11. Myopia. — A young man^ aet. 20, next 
presents himself. He has a long intellectual face with 
prominent nose ; the palpebral apertures are wide ; and 
on directing him to look inwards as much as possible, 
the eyeballs seem elongated in the antero-posterior 
diameter. 

His eyes, he says, are excellent, but he is unable to 
recognise people as well as formerly. We test the 
acuteness of vision, and find then he reads ^ with 
each eye. Convex glasses make even that line in- 
distinct. Our patient is probably myopic. We place 
in his hand the near type, and he reads No. 1, at 
once and easily. The farthest point at which he can 
read it, is 25 cm. (^^^=4 D.) -4 D. should be the 
measure of his myopia. We try —4 D., directing him 
again to look at the distant type. He reads with each 
eye f ; we reduce the glass to find the weakest with 
which he reads the same, and with —3*5 D. he reads 
it, though hardly so well ; with — 3 D. he reads only 
f; —3*5 D. is therefore the measure of his myopia, 
and we record it thus — 

R.V.,V-3-5D.=f. 
L.V.^V-3-5D.=|. 

If we employ retinoscopy —3*5 D. is the weakest 
concave glass with which a reverse shadow is 
produced. 

We next subject the eye to the indirect ophthalmo- 
scopic examination. The image of the disc becomes 
larger on placing the objective near the eye and 
gradually withdrawing it, and in addition we see also 
a slight myopic crescent on the apparent inner side of 



tho disc. From this case, disc No. 1 was drawn 
(p. Ml). 

With the direct ophthahno scope at a distance from 
the eye, the disc cannot be well seen, because in our 
caae the aerial image will be formed about 25 cm. in 
front of the patient's eye. To enable us to see this 
aerial image it is necessary we should be some 30 cm. 
away from it ; so that we should require to be 25 + 30 
^65 cm. from the observed eye, and at that distance 
the illumination will be very weak. With the mirror 
close to the patient's eye, the details appear blurred 
until we put on a concave glass, by turning the wheel 
of our refracting ophthalmoscope. The weakest con- 
cave glass with which we are able to see the details of 
the fundus clearly ia the measure of the myopia. Thus 
■we have four distinct plans of measuring our case of 
myopia ; 

1st. The farthest distance at which the near type is 
read 25 cm, (^-^= 4D.). 

2nd. The weakest concave glass which gives the 
greatest acuteness of vision. 

3rd. The weakest concave glass with which we get 
a retinoscopic shadow moving in the opposite direction 
to the movement of the mirror. 

4th. The weakest concave glass with which the 
details of the fundus can be distinctly seen by the 
direct ophthalmoscopic examination close to the eye. 

Should any of these results vary much, we should 
BQspect that the myopia is increased by spasm of the 
accommodation, and we atropiae the patient in the 
manner before described, and at the end of four days 



go over the ground again, renieinberiiig that wl 
atropine haa been used, it is necessary to add oil' 
abont — '5 D. to the glass found, because the ciHarj 
muscle is probably never so completely relaxed as 
when it is under the influence o£ atropine. 

Having found then that our patient's myojnfl 
amounts to — 35 D. we give spectacles of that ioeim 
for constant use. In addition to ordering spectadefl 
we give him also some very important general dired^ 
tions , he must always hold his book or work 3o cnii" 
away, bring the work to his eyes, and not his eyes to 
the work; writing should be done at a sloping desk . 
he should ait with his back to the window so that tlic 
light comes over his left shoulder on to his work, and 
do as little near work as possible by artificial light. 

Case 12. Hypemietropia and Presbyopia. — A gentle- 
man, set. 56, comes with the complaint that he cam 
see to read as comfortably as formerly, though he s< 
distant objects well. We try his acuteness of viBi(ffl' 
and find that he reads f badly. With + 1 D. he sees 
much better, reading some of the letters of -^. We 
then try lo D. and these he rejects. Hence we 
conclude that he has Hm, 1 D. We know from his age 
that he will also be presbyopic 3 D. and we add on to 
this, + 1 D. for bypermetropia, directing him to read 
the newspaper with + 4 D. for half an hour. He 
thinks these rather strong for him, as they make Iiit 
eyes ache. With + 3'5 D. he feels quite comfortable, 
and we therefore give him +3"5 D., telling him thsl 
he will require them changed for slightly atrongw 
ones in about five years. 
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Case 13. Paralysis of the Accommodation. — Kate 
L — , set. 12, has been very ill from diphtheria, but is 
now much better. She complains that she is unable 
to read or work, though able to see distant objects 
well. The pupils are very large and act badly to light. 
Hence we suspect paralysis of the accommodation. 
We test her acuteneas of vision, and she sees ^ with 
each eye. We try conves glasses '5 D., and she still 
reads ^, but 1 D. she rejects. Oar diagnosis is there- 
fore confirmed. We next find the weakest glass with 
which she is able to read, weakest because we are 
anxious to encourage the ciliary muscle to act, since 
by replacing it entirely we should prolong the patient's 
recovery. 

The glasses must be changed for weaker ones as the 
ciliary muscle recovers tone. 

We saw that she had a alight amount of hyper- 
metropia and also that there was some accommodation ' 
left, enough at least to correct this, otherwise she 
could not have read § without + -o. A touic contain- 
ing iron and strychnine was also prescribed. 

Case 14. Anisometropia.— A young woman, ^t. 20, 
has never seen well, either at a distance or near at 
hand, has tried spectacles of all sorts, but never been 
able to find any that suited her. The eyes look some- 
what irritable, but there is nothing conspicuous about 
their size or shape. There is some want of symmetry 
about the face, the nose being deviated from the 
median line slightly to the left. 

We first try the aeuteness of vision of the right eye. 
She reads -j^^- and with + 1 D. vision is somewhat 
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improved; with + 1*5 D. it is made worse. Stil 
armed with + 1 D. we direct the patient to look at th< 
fan of radiating lines (Fig. 81). She sees plainly th( 
horizontal lines^ whilst all the others are more or les£ 
indistinct^ the vertical line most so ; still looking ai 
the horizontal line, we alternately hold in front of -f- 1 
D. which is before the eye under examination, + '25 D. 
which makes it worse, then— '25 D. which she says at 
once makes it perfectly clear and distinct. We, there- 
fore, put down 4- '75 as the correction for the vertical 
meridian, and pass on to the horizontal. Onr patient 
is directed to look steadily at the vertical line. We 
try convex glasses, which improve it, + 3D. making it 
quite clear; a stronger glass than this renders it 
slightly indistinct. It is evident, therefore, that hei 
horizontal meridian is hypermetropic -f- 3 D. We put 
up the correction found, -f- '75 D. sp., + 2*25 D. 
cylinder axis vertical, and direct her again to look at 
the distant type, f is read, though with some difficulty. 
This result is not, however, reliable, and we proceed 
to confirm it by retinoscopy, obtaining -f- 2 D. for the 
vertical, and + 4 D. for the horizontal meridians. On 
trying this correction, however, the vision is not so 
good. We now test the acuteness of vision in the left 
eye. She sees ^, and neither convex nor concave 
glasses improve it. On looking at the fan of radiating 
lines all seem indistinct, and having thus far no data 
to go upon, we, instead of wasting time, at once pass 
on to retinoscopy. We get oblique shadows, the hori- 
zontal moving with the mirror and the vertical against 
it ; here then is a case of mixed astigmatism. We find 
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out that —2 D. is the weakest concave glass with 
which we get a reverse shadow horizontally, and 
+ 3 D. the strongest convex with which an opposite 
shadow is still obtained in the vertical meridian, the 
degree of obliquity being aboat 25°. This result is 
noted down thus — 



/\-2 D. 

"We, therefore, place in a epectacle frame + 3 D. 
spherical combined with — 5 D.cylinder,axis deviating 
outwards from the vertical 25°, With this covrection 
the patient at once reads -j^. We are not to be satis- 
fied with this result, but give the patient a solution of 
atropine grs. iv to 3] with directions to como again in 
four days. At the end of that time she returns, and 
we find with retinoacopy — 



/ +3-6 D. 



The right eye with this correction reads -J and the 
left also f. This result is very satisfactory. We 
DOW allow the patient to recover from atropine, and at 
the end of a week confirm the result before ordering 
spectacles. Then for the right eye the best vision was 
obtained with + 1'5 sp. o +2 D. cy. axis vertical 
(g}j and for the left +3 D. spherical c= -5 D. 
cylin. axis 20° from the vertical (^). These spectacles 
were therefore ordered, and the patient directed to 
wear them constantly. 
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Case 15. Anisometropia. — Jane W — , ast. 80, pre 
sents herself complaining that the sight in her left eji 
has been gradually getting dim for some months 
She is a small, healthy-looking woman, with nothing 
characteristic in her appearance. We test the acute- 
ness of vision — 

Right f Hm. 1 D. = |. 

Left j^, not improved with spherical glasses. 

We try retinoscopy, but the pupils are so small thai 
the result is not very satisfactory. We are, however 
able to make out in the left eye a reverse shadow ir 
the horizontal meridian, which +2 D. overcorrects, 
-f-1'5 D. being the highest glass with which we gel 
an opposite shadow; the vertical meridian appean 
emmetropic. There is, therefore, no doubt that the 
defective vision in this eye is due to astigmatism. 
The patient complains that the examination has made 
her eyes ache, so we do not proceed further, but ordei 
a solution of hydrobromate of homatropine (2 grs 
to the 5i) to be used every two hours and direct hei 
to come again on the following day. Then the resuH 
with retinoscopy is— 

R. + 1-5 D. 



L.— 



+ -5D. 
— + 2D. 



We try this at the test type. 

JJ«"jrr T , ^V 

1*5 D. cy. axis vert. 

We make a slight deduction from the sphere in each 
case for the homeatropine and order for constant use. 
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^^^^^ -I- 1-5 cy. ^^1 

r Cabe 16. Presbyopia. — John G — , set. 50, has always ' 

eDJoyed good sight, he still sees distant objects well, 
but finds some difficulty in reading especially during 
the evenings. 

K.V. J, no Hm. 
[ L.V.I, no Hm. 

I We try >iitTi with + 2 D. for reading and with these 

I he sees perfectly ; this therefore is a simple case of I 

I presbyopia, requiring a pair of folders +2 D. for J 
I reading, writing, &c. I 

I Case 17. Hypermetropia and Presbyopia. — Mr. K — , I 

I fet. 60, Bees badly both near and distant objects, he I 
j wears + 4 D. for reading but they are not comfortable. \ 
j R.V.^Hm. 3 D.={|. I 

I L.V.5VHm.3D. = J. 

j He therefore requires + 3 D. for distance, and to find 

I the glass he will require for reading, it is necessary to ' 
add on to this distance glass the glass he would require 
for presbyopia if he were an emmetrope, viz. +4 D. 
We therefore try him with + 7 D., but these make 
j his eyes ache, we next try +6'5 D. and with these he 
I sees comfortably. 

I This patient then requires two pairs of spectacles — | 

I +3 D. for distance. ' 

I +6'E D. for reading, &c. 

j Cask 18. Myopia and Presbyopia. — Mrs. C — , let. 55, 

' complains that her eyes become tired at night; shehaa j 
tried several pairs of spectacles, but without finding j 
L any that exactly suit her. 
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R.V.3«j-2D. = g. 
I,.V.5"j_2D. = g. 

Our patient requires therefore this correction I 
distance, but she also wants glasses for reading a 
near work j an emmctrope of 65 requires presbyopic ' 
glasses + 3 D., she is however a myope of 2 D., so we 
have to deduct this from the presbyopic glass (3 D. 
-2 D. = 1 D.) and try the +1 D.for reading. WiA | 
these she is able to read the smalleBt type comfortab} 
we therefore prescribe 2 pairs of spectacles — 

-3D. for liJBtBnce. 
+ 1 D, tor reading. 

Case 19, Myopia. — Annie C — , mt. 9, was broiu.. 
because she was unable to see the black-board I 

school. 



After using atropine — 



L.V.A-2 D. = ^ 
Ordered spectacles for distance R. — 3 D., L,— 2 
with directions to present herself again in six montlui 
when, should myopia have increased, or if the chiU 
complain of asthenopia, it may be necessary to pr^ 
scribe spectacles for constant use. 

OiSE 20, Simple Myopic Asiigmatiam. — Thomw 
J — , set. 20, sees rather badly both near and distani 
objects. 

R.y. -^, not improvecl with glasaes ; with pin-hole— £. 
L.V.-^, not improved with glagsee: with pin-hole = g. 



After atropine had been used for four days 
retinoacopy gave — 

_! Em. 





B. + 1D. cv.a: 
I.. + lD.cy.tt3 


iiehoriz. = J. 


After the 


atropine has passed off — 
B. - 1 D. cy. axis vert. = f . 



This correction waa given for constant uae. 

Case 21. Compound Myopic Astigmatism. — Miss 

N — ,xt. 13, has seemed short-sighted for the last year 

or two. Mother and father both have good sight. 

R.V.A-9D.=A. 

L.V.^-9D. = ^. 

The pupils are large, so that retinoscopy can be 
easily carried out. , 

1-10 D. .-10 D. 

R.— 6D. L.— — 

-6 D. ap. 



- 4 D. cy. S3 

7 -7D.ip. 



= -^ nnd 2 lettera of -[V 



On examination of the eyes with the ophthalmoscope 
the choroid is found to be exceedingly thin, there is a 
large crescent in both eyes and in the right three or 
four patches of choroiditis with one heemorrhage near 
the macala. 

The patient was ordered the full correction for dis- 
tance, and advised to do no reading, writing, or near 
^^ffork for six months, then to return for inspection ; 
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she was also recominended to spend as macb of 
time as possible in the open air, and a mixture coit 
taining syrup of the iodide of iron was prescribed, 

Case 22. Concomitant Squmt. — George W — , set. 5, 
has squinted inwards for the last three months. Os 
covering the non-squinting eye and directing the little' 
boy to look at the finger held a short distance froaii 
him, the deviating eye immediately righted itself asA} 
fixed the finger, the covered eye at the same 
turning in. We prescribe a solution of atropine to bft 
applied to both eyes and at the end of a week the 
patient is brought back ; the squint is now much loss 
apparent, and with retinoacopy we find 3*5 D. 
hypermetropia in each eye. The direct esaminatkni 
gives the same result. We order our patient bi 
tacles +2'5 D. to be worn constantly. 

Case 23. Aphakia. — Thomas B — , jb 
keeper. Had the right lens removed for cataract 
months ago, and last week the opaque capsule remi 
ing was needled. 

R. V. c +11 D.=| and with +14 D. No. I of the 
near type was read with comfortj the patient wae 
therefore ordered the following spectacles— 



These were arranged in a reversible frame, so tliftt 
either glass could be brought in front of the right eye 
as occasion required. 



J 
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APPENDIX 

In the metrical system the unit of length is a 
metre, equal to 100 centimetres, 1000 millimetres or 
40 English inches, so that 1 inch is equal to 2 J centi- 
metres, a lens of 1 -metre focus is called a dioptre, a 
lens of i a metre (50 cm.) is 2 D., ^ of a metre (10 
cm.) 10 D., &c. 

In the old system the lenses were numbered accord- 
ing to their focal length in inches, a lens of 1-inch 
focus being the unit; a lens of 2-inch focus was 
expressed by the fraction i, one of 10-inch focus -j^, 
and so on. If we wish to convert a dioptric measure- 
ment into the corresponding inch measurement of the 
old system, we have only to remember that the unit 1 
metre =40 English inches, so that a glass of 1 D.= 
^ in the old system, 2 D.=^=^, 5 D.=-^=^, and 
so on. 

The table on the next page gives approximately 
the equivalent of each dioptre or part of a dioptre in 
English and French inches and in centimetres. 
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Eegulatione for Candidates for Commissions in the 
Army. 

A candidate must be able to read at least ^ with 
each eye, without glasses, and this must be capable of 
correction with glasses up to § in one eye and -j^ in 
the other, he must also be able to read No. 1 of the 
near type with one or both eyes. 

Squint, colour blindness, or any serious disease of 
the eye renders the candidate ineligible. 



A candidate must be able to read ^ with each eye, 
and the near type at the distance for which it is 
marked. 

Colour blindness, squint or any serious disease of 
the eye disqualifies. 

Indian Civil Service. 

A candidate must be able to read ^ with one eye 
and ^ with the other, with or without correcting 
lenses. 

Any disease of the fundus disquaUfiea. Myopia, 
however, with a posterior staphyloma, may be passed, 
if the ametropia do not exceed 25 D., and the candi- 
date has a visual acuteness equal to that stated 
above. 

Indian Medical Service. 

The candidate must have a visual acuteness of § in 
one eye and -^ in the other. Hypermetropia and 




myopia must not exceed 5 D., and then with the prop 
correction must come up to the above standard. 

Astigmatism does not disquahfy a candidate, pi 
vided the combined spherical and cylindrical gli 
does not exceed 5 D., and the vianal acateneaa eqni 
^ in one eye and -^ in the other, colonr blindne: 
ocular paralysis, or any disease of the fundas rende 
the candidate inehgible. 



TEST TYPES. 



33 cm * No. 1. 



A daU gi«7 *k/, hilla uid tiMs, and meadow bank* and boaU dacpanios down into undiailnguUlutbl* inaMU of neutral tint ; Um 
titrer Uka amotkar gnj iky — nnooth and oarufllcd. (av* when boata are plaa hin g about. Down bjr the lock jonder a bonflia ia 
■hooUnf up a raddy glara into the duak gatherin| about the wooded hill In the backfround, and white bell tenta an dotted hem and 
than 1b the Talley, oold and ipactnl, or all aglow with ligkta within. Up under the willowi, weird-looking flgurce are rigging up 
awningi orer boata. in which they ai« going to ileap for tha night, and ia many of which brilliant lights are bringing brawny 



50 cm. No. 2. 



oaruneo into bold relief aguast the black shadows in the trees behind. Just above the bridge acres of small 
boata lie shimbering along the towing-path, the water softly plashing a lullaby beneath them. Lower down, far 
aa the eye can reach, lights are twinkling and flashing in countless multitudes, and sounds of music, softened by 
distance, come tinkling over the gleaming river. It is ten o'clock and past, and the great throng of holiday- 
makera has for the most part dispersed apparently ; but with the fading out of daylight there has gradually 



60 cnie No. 3. 

I&eamed oat upon the river, a scene which, if it were to be enjoyed only in Venice, and 
once every five years, would draw spectators from all the ends of the earth. One side 
of the river is seemingly all but deserted, and lies hidden in darkuess as profound as 
darkness can be in the height of summer, witii nothing but a thin curtain of clouds 
spread out beneath a nearly full moon. But the side of the river opposite to the towing- 



90 cm. No. 4. 

path is one long line of sparkling light, while over the dark glistening 
river seemingly hundreds of boats are paddling about, many of them 
decked out with Chinese lanterns and riding lights at their tiny mast- 
heads. The brilliancy and vivacity of the scene, combined with its 
quietude and placidity, is difficult to describe, without appearing to 



* The number indicates the distance at which the type should be 
seen by a normal eye. 

16 
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iguage. Heim^^^ 



1 u.. No. 

indulge in Homewhat extravagant langu: 
Kegatta seems to be year by year growing in popular 
favour — unfortunately, no doubt, many will think — and 
the line of house-boats which a few seasons ago extended 
no ^eat distance down below the winning flag and the 



grand stand may be said now to reach right 
down the couiBe of a mile and a quarter or 
so. By day these house-hoats are exceedingly 
gay and pleasant-looking, with their coloured 
awnings, their profusion of brilliant bunti 



ti^^^ 



1-8 in. No. 7. 

their extemporised flower gardens, 
the brightly-coloured boating cos- 
tumes of the men, and the gay dresses 
of the ladies. Until quite a recent 
period the displayby day was thoi 



jcent I 



•2 111. No. 8. 

to be sufla.cient, taut one or 
two boats taegan the fashion 
of illuminating after dark, 
and it has now taecome quii 



i^y 
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correct to light up. 
Small boats followed 

m. No. 10. ^H 

in the wake, " 
the brilliant 

( 6in. Nn.\}. ^^^ 

ZEDAOP 

12 in. JVn. 12. 

B AE 







"^^H 


2+4 
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PHAY'S TEST TYPE.S POE ASTIGMATISl^^H 


Ilurizmitiil. 


./""'I, 
ll-'l' 


30°. ^^H 


117- 

ffllnll 


105'. 




120'. 

B 




f 


a 


135°. 


150'. 


^^H 



INDEX 



Abducting prisms, 44 
Accommodation, 82, 177 

absolute, 88, 200 

amplitude of, 86 

at different ages, 40 

binocular, 89 

diminution of, 177 

of emmetrupes, 36 

of hypermetropes, 87 

of mvopes, 88 

paralysis of, 184 

produced by, 38 

range of, 36 

relative, 39, 49, 200 

spasm of, 57, 186 ,„ ^.^ 
Accommodative aslbenopia, 127, 210 
Acquired hypermetroma, 128 
Acuteness of vision, 28, 68 

in hypermetropia, 121 

in myopia, 143 

in astigmatism, 158 
diminishes with age, 177 
Adducting prism, 45 
ASrial image, 71, 227 ,^^ 
Alternating strabismus, 192 
Amblyopia, 198 

Ametropia, 27 ^ ^. „ . 

Amplitude of accommodation, 36 

of convergence, 42 
Anderson, Dr Tempest, 174 
Angle a, 40, 118, 140, 189. 

metrical, of convergence, 47 

of deviation, 8 

of strabismus, 193 

principal, 8 

visual, 29, 54 
Anisometropia, 28, 175 

correction of, 175 

treatment of, 175 
Anterior focal point, 24 

focus, 9 
Aphakia, 127 

case of, 236 

test for, 127 

treatment of, 128 
Apparent strabismus, 118, 191 
Army, regulations for, 239 



Asthenopia, 127, 208 ,^^ ^,^ 

accommodative, 120, 210 

muscular, 148, 210 

reflex, 210, 216 

retinal veins in, 216 
Astigmatism, 28, 150 

causes of, 158 

compound hypermetropic, 166 

compound myopic, 166 

estimation of, 161 

irregular, 161 

mixed, 155 . ,ri ie^ 

principal meridians m, 161, 154 

regular, 161 

shape of disc in, 163 

simple hypermetropic, 155 

simple myopic, 165 

symptoms of, 158 

treatment of, 167 
Astigmatic elock-face, 161 

fan, 162 
Asymmetry of cornea, 150 

Atropine, 68, 81, 125, 146 162, 187 

in astigmatism, 162 

in myopia, 146J 

in retinoscopy, 81, 112 

in hypermetropia, 125 
Axial line, 117, 133 ,,^ 

hypermetropia, 117 

myopia, 136 
Axis, optic, 189 

principal 9, 12 

secondary, 12, 15 

visual, 189 

B 

Biconcave lenses, 11, 16, 19 
Biconvex lenses, 11, 18 
Binocular accommodation, 38 
vision, 198, 200, 206 



Capsule of lens, 34 
Cardinal points, 22 
Cataract, 158 

in myopia, 142 
Gases, retinoscopy, 106 

others, 223 
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INDEX 



Centre of motion of the eye, 9S 

optical, 13 
Choroid, thinning of, in mvopia, 141 
Ciliary mnacle, ranction or, 33 

in hypennetropia, 119 
in myopia, 140 

body, 33 
Ciril Service, regulations for, 239 
Cohn, 187 
Compound hypermetropic a8ti|;mati8m,155 

myopic astigmatism, IBS 

system, points of, S3 
Concave lenses, 11, 19 

mirror, in retinoseopy, 82 
Concomitant squint, 191, 194 
Conjugate focus, 4, 14, 78, 181 
Conjunctiva, 131, 309 
Convergence, 40 

amplitude of, 43 

insufficiency of, 313 

metrical angle of, 41 

punctum proximum of, 42 

punctum remotum of, 43 

range of, 43 

relative, 50 
Convergent strabismus, 119, 196 
Cone, 53, 140 

of light, 152 
Convex lenses, 11 * 
Cornea, 22 

image formed on, 33 
Crescent, myopic, 141 
Crystalline lens, 38, 117, 123, 142 
Cylindrical glasses, 20, 151, 165, 183 



Detachment of retina in myopia, 142 
Deviation, angle of, 8 

primary, 192 

secondary, 192 
Dioptre, 31, 237 
Dioptric system, 31 
Diplopia, 40, 198, 202 
Direct ophthalmoscopic examination, 51, 

64,69 
Disc, Placido's, 172 

shape of, in astigmatism, 163 
Distant type, 54 
Divergent strabismus, 140, 202 
Divergence, appearance of, 118, 189 
Donders, 127, 210 



Elasticity of capsule, 34 
of lens, 38, 39, 177 

diminution with agn, 39 

Elongation of eyeball in myopia, 133 

Emergent ray, 6 

Emroctropia, 27 

punctum proximum in, 34 
punctum remotum in, 34 

Erect image, 6, 69 

Erismann, 137 



Eierine, 1S9, 186, 905 
Exercises, orthoptic, 206 
Eye, 31 

refracting media of, 22 
refracting surfaces of, 22 



Face, asymmetry of, in astiirmatiBm, 61, 168 

in hypermetropia, 61, 119 

in myopia, 61 
Far point, see punctum remotum, 28, 84 
Focal length, 31 

interval, 168 

points, 38 
Focus, anterior, 9 

conjugate, 4, 9, 14, 78, 181 

principal, 8, 6, 9, 13, 24 

virtual, 6 
Formation of images, 16 

by the eye, 36 
Fundus, 141 



Glaucoma, 98, 136, 184 
Glasses, 218 

biconcave, 11, 219 

biconvex, 11, 219 

cylindrical, 20, 151, 165 

orthoscopic, 183 

pantoscopic, 221 

prismatic, 321 

spherical, 80 

stenopaic, 151, 221 

tinted, 222 
Goggles, 222 
Granular lids, 121 

H 

Hereditary tendency inhypermetropia,118 

tendency in myopia, 137 
Homcatropine, 98 
Homonymous images, 63 
Hypermetropia, 27, 57, 113 

absolute, 116 

acquired, 128 

amount of, 121 

angle a in, 118 

axial, 117 

causes of, 117 

diagnosis of, 131 

estimation of, 56 

facultative, 116 

latent, 57, 116 

length of eyeball in, 117 

manifest, 57, 116 

original, 123 

relative, 116 

spectacles for, 125 

symptoms of, 119 

tests for, 121 

treatment for, 124 
Hypermetropic astigmatism, simple, 155 

compound, 155 
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I 

Images, crossed, 68 

formation of, 16 

homonymous, 63 

in astigmatism, 75 

in emmetropia, 73 

in hypermetropia, 73 

in myopia, 74 

negative, 6 

on cornea, 33 

on lens, 33 

projected, 65 

real, 18 

virtual, 3, 19 
indirect ophthalmoscopic cxamiuuiiou, 51, 

64 
Insufficiency of convergence, 213 

test for, 213 
Internal recti, 140, 197 
Interval of Sturm, 153 

focal, 153 
Inverted image, 24 
Inverted ophthalmoscopic images, 64 
Inversion of images by lenses, 18 

by the eye, 25 
Iris in accommodation, 33 

in hypermetropia, 118 
Irregular astigmatism, 161 



Jackson, Dr., 99 

Jaeger, test tyjge, 59 

J aval and Scniotz ophthalmometer, 168 



Lachrymal apparatus, 121 
Landolt, 148, 207 
Latent hypermetropia, 57, 116 
Length, focal, 31 

of eyeball, 22 

in hypermetropia, 117 

in myopia, 133 
Lens, crvstalline, 33, 117, 123, 142 
Lenses, SO 

biconcave, 11, 16, 19 

biconvex, 11, 18 

conjugate focus, 4, 14, 73, 131 

converging, 11 

cyUndncaf, 20. 161, 165 

decentred, 215 

diverging, 11 

foci of, 13, 15 

images formed by, 17, 19 

influence of, on the size of the 
image, 219 

orthoscopic, 183 

principal focus, 5 

refraction by, 10 

spherical, 30 

table for presbyopia, 181 
Light, artiftcial, 145 
Long sight, see presbyopia, 177 



M 

Macula, 53 

Manifest hypermttropia, 57, 116 

Medium, refraction by, 7 

Meniscus, 11 

Metrical angle, 41 

system of lenses, 30 
Microphthalmos, 118 
Mirror, concave, for retinoscopy, 82 

plane, for retinoscopy, 99 

reflection by a plane, 2 
from a concave, 3 
from a convex, 5 
Mixed astigmatism, 155 
Monocular vision in myopia, 130 
Monolateral strabismus, 192 
Movements of mirror in retinoscopy, 82 
Muscee volitantes, 140 
Muscle, ciliary, 33, 119, 140 

iris, 33, 118 
Muscular asthenopia, 130, 140, 212 
Myopia, 27, 129 

axial, 134 

causes of, 132 

determining causes, 136 

diagnosis ot, 142 

estmiation of degree, 68, 142 

formation of image in, 129 

length of eyeball in, 133 

malignant, 130 

posterior staphyloma in, 133 

pro^euive, 130 

stationary, 138 

statistics in, 137 

symptoms of, 139 

treatment for, 144 
Myopic astigmatism, 155 

crescent, 141 

ophthalmoscopic appearances in, 
141 

N 

Nagel on convergence, 41 

Navy, regulations for, 239 

Near point (punctum proximum), 28, 34 

Negative angle a, 191 

ima^, 5 
Nerve, optic, in hypermetropia, 119 

in myopia, 141 
Nodal points, 23 
Nordenson, statistics of, 169 



Objective examination, 51 
Optics, Chap. I. 
Optic axis, 189 

disc in myopia, 141 

nerve in hypermetropia, 119 

in myopia, 141 
Optical centre, 12 
Ophthnlmo-dynamometer, 45 
Ophthalmological congress, 31 





1 


248 INDEX ^^^H 








KeNeGtia... S 








by KoncavEtuifafv.S 






d,r«t.,iH™i.al«i.,M,6» 


by coQiBi surhc:. i 








_ _ by pliu.. .urface, » 
Bclnctiod, e. tSi 






oSu,m.l«uf5^w.^j,no 






d<n.iniit.D>. rf, 177 


Li 


s,z",s=i."»"' 


E'S,",o" 




OnUML-opicituMi, IBS 






P 


bJ?ri?^T"*'' 




by BphEriCHl BurfK.. S 

hy tbo eje, SB 








«u«.>.f,lB_ 


Ktgulationi tnr army, 3S9 






forcml«rv.™, aSB 




PflnUncopic »pMtacll«, JSl 


for D..y. ess 
















Pm-hqlel,at,63 






ri,tM.iucm 


R.iMtnD. punclnn., IS, M, 11*. U 




Poinu, crdu.»l, 22 








iDhypennetn^>,U,; 




ptmci'iiol, 2S, 34 


RMiutSI.SBriT''''''''"'* 
B«ln»liyi.ge. li... Qf, in hypsHl 












Pni;. test iBLiera or. 161,941 


87 , 




'■""S«S ,.„..,......». 


R.^t™!l3qpni!'Si. 80 




dtlnition »r, 178 


CBIM of, lUS 




glUH! for, 180 


in <.>ligi»»tuffl. IM 








laWe "rwii" '^ 


ion.igpiml4a' 




i™ln,«it of. 180 


m.r«r?af, 83 






obliane ODratoenU Lb. 9t 




^"°"fo™f3%!l3.a4 






poioU, 2* 






Frl.>iM.U>p«cUclH,321 
Pri.a»,8,ll.«.m 


RediHndcoiia,H, 140 




Bbdnrtini, M 


s 










Scheffl«r,lB3 




Ftog.a«ve^.n^opia, 130 


Scheiner. 3*. fil 
ScatODiUi, 140 




Fnuclmn pniiipiuiii, SB 


Sccondiry .i«il!« i.. n.jop*. l« 










Sh>dD« tat, 80 




^^^■fej^lm 


ihonJlrtt'lmjapi.). lie 




isi?,^,fev^-"* 










IMBlmmt lor, 197 




in hypeiniislropia, 118 
... niyupiii, 13B 


SpcclBClu (Dce ■!•» fluHi). US 
'^ f„.U^iH.l59 

forbipi!r=«lirDp«i,lM.m 




R 


!s,-as*-.? 












' ' 


"■"'S^'" 










Ricii. hiUTDBl, iia IV 





INDSX 



249 



Stationary myopia, 188 
Statistics in myopia, 137 
Stenopaic slit, 173 

glasses, 151, 221 
Stereoscope, 206 
Story, Dr., 99 
StraDismoraeter, 193 
Strabismus, 189 

alternating, 192 

angle of, 193 

apparent, 189 

concomitant, 191, 19ft 

constant, 192 

couvei^nt, 119, 196 

divergent, 140, 202 

monoiateral, 192 

paralytic, 191, 207 

perioaic, 193 

real, 189 

treatment of, 203 
Storm, interval of, 153 
Surfaces, rehractiuK, of the eye, 22 
Symptoms of asthenopia, 208 

astigmatism, 158 

hypermetropia, 119 

myopia, 139 

presbyopia, 180 



Table for presbyopia, 181 

of amplitude of accommodation, 40 
of aneles of convergence, 47 
of inches and dioptres, 238 
of length of axial line in hyperme- 
tropia, 117 

in myopia, 133 



Tenotomy, 205 
Test for aphakia, 127 

clock-face, 161 

fan, 162 

letters, Fray's, 244 

objects, 160 

pin-hole, 52 

types, for near vision, 241 
Jaeger, 59 
Snellen, 54, 59 
Treatment of asthenopia, 211, 214 

astigmatism, 167, 219 

hypermetropia, 124, 218 

myopia, 144, 218 

paralysis of accommodation, 185 

presbyopia, 180 

spasm of accommodation, 187 

strabismus, 203 
Tweedy's optometer, 170 



Virtual focus, 5 

images, 8, 19 

Vision, acuteness of, 28, S8 

binocular, 198, 200, 206 
in astigmatism, 152, 158 
in hypermetropia, 123 
in myopia, 139 

Visual angle, 28, 54 
axis, 189 

Vitreous, 140 



Yellow spot, 29, 53 
I Young, 151 
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BRAUNE. — An Atlas of Topographical Ana- 
tomy, after Plane SeeUoni of Froien Bodiei. By WilhkIm BBiom, 
Profeuoi ot Anatomy In tlie University ol LeitKElg. TnuinUtiHl by 
Kdvabd Bellasit, F.ILC.S., Surgeon to Clisring Crgu Hospital, and 
Lecturer on Surjtery lu lt« Sohuol. With 31 Photo-lithographic Piatea 
and 46 Wooiiuuti. Large Imp. Svo, 40s. 

fLO If i-'fl.— Diagrams of the Nerves of the 

Hnman Body, eihlbitlng their Origin, Divlilons, and Connsilona, with 
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to all the Muscles. By WnjJiM H. rLOWEa, C,B., F,E,C,a,, F.B.8, 
containing B Plalee. Royal 4to, ISa. 

QODLEE. — An Atlas of Human Anatomy : 
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nractlsed by the Student. By aiCEUAK J. GODLEK, M.S., F.K.CS., 
dvanity College Hospital; Teacher of Open) tlie SurgMry, 
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St Bartholomew's HospitaL Fifth Edition, by John Langton 
F.K.C.S. and Member of the Court of Examiners; Surgeon to St 
Baitholomew's HospitaL With 208 Engrarings. 8vo, 20s. 

By the same Author. 

Human Osteology : comprising a Descrip- 
tion of the Bones, with Delineations of the Attachments of the 
Muscles, the General and Microscopical Structure of Bone 
and its Development. Seventh Edition, edited by Chablbs 
.Stewabt, Conservator of the Museum and Hunterian Professoi 
of Comparative Anatomy and Physiology, B.C.S., dnd B. W, 
Keid, M.D., F.B.C.S., Professor of Anatomy in the University 
of Aberdeen. With 59 Lithographic Plates and 75 Engravings, 
B.oyal 8vo, 168. 

ALSO, 

Landmarks, Medical and Surgical. Fourtl] 

Edition. 8vo, 3s. 6d. 

MORRIS,— The Anatomy of the Joints of Man, 

By Henry Morris, M.A., F.B.C.S., Surgeon to, and Leoturer on Ana 
tomy and Practical Surgery at, the Middlesex Hospital. With 4^ 
Plates (19 Coloured) and Engravings. 8vo, 16s. 

WAGSTAFFE.— The Student's Guide to Humar 

Osteology. By Wm. Warwick Wagstapfe, F.R.C.S., late Assistant 
Surgeon to, and Lecturer on Anatomy at, St. Thomas's Hospital 
With 23 Plates and 66 Engravings. Fcap. 8vo, 10s. 6d. 

WILSON — BUCHANAN — CLARK. — Wilson's 

Anatomist's Yade-Mecum: a System of Human Anatomy. Tent] 
Edition, by Georqe Buchanan, Professor of Climical Surgery in th< 
University of Glasgow, and Henry E. Clark, M.B.C.S., Lecturer oi 
Anatomy in the Glasgow Royal Infirmary School of Medicine. Wit! 
450 Engravings, including 26 Coloured Plates. Crown 8vo, 18s. 
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BENTLEY AND riJ/i/£V.— Medicinal Plants: 

lieinB descriptions, with origlnBl Figurea, o( the Prlndpiil Plsnl* 
employed In Medicine, and au account ol tbelr Fropertlee aiul Uses. 
By ROBBRT Bentlby, F,L,S., snd Henrv rftiUEN. M.B., F.K.S., 
F.L.S. In 4 Vols., large Svo, with SOU Coloured Plstea, hound 
In hull morouco, gilt edges, £11 Ha. 

BENTLEY.— A Manual of Botany. By Robert 

■ '* BniTLHT, F.L.3., M.B.C.S.. EmeritUB FroIeBsor of Botany in King's 
^^^H Oollegs and to tlie Pharmacentlcal Soclet;. With neuly 1178 
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BLOXAM. — Chemistry, Inorganic and Organic; 

with Eiperlmenle. By Obarles L, BloxaH. Seventh EdJUos, bf 
John UiLUa Thomhus, Profetsor of Chemistry, King's College, 
London, and Ahthdk O. Bldxah, Bemonstrator of ClieniiBtry, Eoy^ 
AgiicDltajBl College, Cirencester. With ti-i lUustrntioDe. Svo, ISi. 
Bg tlic same Aathor. 

Laboratory Teaching ; ( 

BuoreifidB in Practical Chemiatry. 
Bnsruvinga. Crown Bvo, ba. Sd. 

BOWMAN AND BLOXAM.~I'Ta.c\.ica\C\iST[ns\Ty, 

tnoludhig Analysie, By John B. Bowmah, am) Chaelbs L. Blpxas. 
~ ~ <BO[ uf Chemistiy hi King's College. Elglilb Edition. W^th 
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C HEMISTH Y — ctmlinued. 
^^Practical Chemistry and Qualita- 

irgaulG AukIjiIi. Adapted for use in the Laboraloriu <: 
and Sciiiwls. By Fkane CLnVBs, D.Sc. Lond., Proleisor u 
ry In TInlvenity Colkge, KotttnahBin. Fourth Edition. Wit; 

COOK. — Introductory Inorganic Analysis. J 

Tint CDUreeof Chemical Testing. B> ERNEST B. OOOE, D.Sa. laaiL 
F.C.S., Physical Sclenoe Master, Merchant Venturers' School, BrisloL 

FOWNES.— Manual of Chemistry.— See WATT^ 
FRANKLANDAND JAPP— InorgamcChemistry 



BjEOWAKii Franklsbd, Ph.D., D.C'.L., F.B.S., and F. E. Japp, ILjJ 
Ph.D., F.I.C. With 2 lithographic Plalea d 
BngraTliuIB. 3vo. 218. 

JOffNSOlf.— The Analyst's Laboratory CoM 

panlon. By Al?EEIi E. JOHSSOS, Assoc. R.CSc.l., F.I.C, F.C.S, 
PriEeman In Chemistry, Physics, and ^Matliematios or R.i 

MOBLEY.—Ouilincs of Organic Chemistry. 

B. Pobsteh MoRLEi, U.A,, S.Sc.. .lalnt Bditorol "Vf^tta" IMctlmi 
of Chemiatry." Crowii8¥0. 7 

VACHEE.—A Primer of Chemistry, includij^ 

Analysis. By AlTHDB Vacheb. 

VALENTIN.— Chemical Tables for the Lectun 

room and Laboratory. By William G. Vaibktin, F.CS. In Fire 
largo Hheeti, Sb, M. 

VALENTIN AND HODGKINSON.—Pi. Course of 

qnsUtatlve Chemical ADBlysis. By the late W. G. ViLBBriM, F.C.S. 
Serenth Edition by Dr, W. R. BaPaKOiaoN, F.E.a.B., ProfosHr of 
ChemlsCt? and Physio in the Koyal Artillery College, and Royal 
Military Academy, Woolwich: BSsialedbyB. CHipmii-JoiiES, F.C.8., 
Demonstrator in the KoyalSehcol of Minea, and F. &. MATTHEWS, 
Ph.D., DfCooper'iHmColleei ■—*■" ■ — 

The Tables for the Qualitative Analysis 4 

Simple and Compound Suhftuncea, with Map of Spe«r«, p 
■eparntely. 
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Vol. I. — Physical and Inorganic Chemistry. 

Sacoad EdltioD (Fourteenth of Kowdsb). B; Willmu A. Tildbh, 
D.Sc., F.a.8., Proteasor of Chemlstty In tta Mason CqUbkb. Blr- 
minghsni. With 122 Wood Engraving!, and Coloured Ilate of 
Spectra. Crown 8¥0, Ss. 6i\. 

Vol. II. ^Chemistry of Carbon-Compounds, 

or Organic Chemiitiy, Second Edition (Thirteenth of i'owaet'). 
Editodby W«. A. TiLDEM, D.Sc, F.B,S. With Engraringa. Crown 



CHILDREN, DISEASES OF. 
DAF. — A Manual of the Diseases of Children. 

B; WILLIAK H. Dlt, M.D., Fhyalolan to Uio Samaritan Hoapltal for 
Womea and Children. Second Edition. Crown Svo, 12». fid. 

ELLIS. — A Practical Manual of the Diseases 

of Children. By Edward Ellis, M.D., late Senior Phj^otan to the 
Victoria Hospital for Sick Children. With a Fonnalary. Plftli 
Edition. Crown Svo, tOe. 

GOODHAMT.— The Student's Guide to Diseases 

of Children. By lAXsa FbKDEKIC OooDHiRT, M.D., F.E.C.P., 
Physician to Guy's Hospital and Lecturer on Pathology In IM 
Medical School. Third Edition. Fcap. Svo, lOe. ed. 

SMITH.— A Practical Treatise on Disease in 

Children. By Bustaci suits, M.D., F.K.C.P., Physician to H.M. tha 
King of the Belgidjis, and to the East London Bospltal for Children. 
Second Edition. Svo. 2'^s. 



On the Wasting Diseases of Infants and 

Children. Fifth Edition. Post Svo, as. 6d. 

Sr£/iV£J?.— Compendium of Children's Dis- 

" dboolt for Practitioners and aiudeota. By JoHiHii 
. Translated by LAtrsoN Till, F.K.C.8,, Surgeon to Uie 
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DBNTISTBY. 
QOROAS, — Dental Medicine : a Manual of 

Dental Materia Mediea and Therapeutics. By Fekdinaiid J. S. Qoboas, 
A.M., M.D., D.D.S., Professor of Dental Surgery and Science, Ac, in 
the University of Maryland. Third Editien. 8to, 168. 

HARRIS, — The Principles and Practice of 

Dentistry ; including Anatomy, Physiology, Pathology, Therapeutics, 
Dental Surgeiy, and Mechanism. By Chapin A. Harris, M.D., D.D.S. 
Twelfth Edition, reyised and edited hy Ferdinand J. 8. Qorgas, 
A.M., M.D., D.D.S. With over 1,00D Illustrations. Svo, SSs. 

STOCKEK—Klements of Dental Materia Mediea 

and Therapeutics, with Pharmacopceia. By Jambs Stociuen, L.D.S.B.G.S., 
late Lecturer on Dental Materia Mediea and Therapeutics and D^ital 
Suigeon to the National Dental Hospital; assisted by Thomas Gaddes, 
L.D.a Sng. and Edin. Third Edition. Fcap. Svo, 7s. 6d. 

TOMES (C. 5.).— Manual of Dental Anatomy, 

Human and Comparative. By Charles 3. Tomes, M.A., F.B.S. 
Third Edition. With 212 Engravings. Crown Svo, 12s. 6d. 

TOMES (7. and C. S,).—A System oi Dental 

Surgery. By Sir John Tomes, F.B.S., and Charles S. Tombs, M.A., 
M.&.C.S., F.B.S. Third Edition. With 292 Engravings. Crown 
8vo, 15s. 
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EAB, DISEASES OF. 

BURNETT— The Ear: its Anatomy, Physio- 
logy, and Diseases. A Practical Treatise for the Use of Medical 
Students and Practitioners. By Charles H. Burnett, M.D., Aural 
Surgeon to the Presbyterian Hospital, Philadelphia. Second Edition. 
With 107 Engravings. Svo, 18s. 

DALBY. — On Diseases and Injuries of the Ear. 

By Sir William B. Dalby, F.B.C.S., Aural Suigeon to, and Lecturer 
on Aural Surgery at, St. George's Hospital. Third Edition. With 
Engravings. Crown Svo. 78. 6d. 
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BAB, DISEASES OV— continued. 
JONES. — Practitioner's Handbook of Diseases 

of the Ear and Kaso-Pharyni. By H. moNieOHioH JoHBS, M.D., 
M.Ch. ; E<»tntuer, and late Professor to Iho Queen'a UnlTersl^ ; and 
Surgeon to the Cork Ophthalmic and Aural Hospital. Third Edition 
of "Aural SurgeiT." With ISS EngiaTines, and S Coloured Flatea 
(IB Figures). Aoyal Sfo. Sa, 

e-> thi aami Author. 

Atlas of the Diseases of the Membrana 

Timpani. In Coloured Flatea, containing SB FIguiee. With £i- 
planatory Toit. Crown 4to, 31s. 



FOBEHSIC SCEDICINE. 
ABERCROMBIE. — The Student's Guide to 

Medical Jurisprudence. Bj JOHK Abbboboheib, M.B., F.E.C.P., 
Fbyaiclan to Charing Crora Hoapltsl. reap. Svo, 7a, M, 

QGSTON. — Lectures on Medical Jurisprudence. 

^^^* Bj FeAbOiS OOsTob, SI.D., lata Professor of Medical Juriapmdenoe 

^^^L ud Medical Logic in the University of Aberdeen. Edited bj FkabOS 

^^^^E Obbtom, Jun,, M.D., l«te Lecturer on Practical Todcologx in the 

^^^^ ■nnlverailj of Aberdeen. With 12 Plates. 8?o, ISs. 

i'AYLOR.—thc Principles and Practice of 

Uedical Jurisprudence. By ALniED H. TAYI.OK, U.I),, F.&.S. 
Third Edition, revised by TaoBjia arSVKiiSOB, M.D., F,B.C,P,, Lec- 
turer on CliemiBtiy and Medleal Jurisprudence at Gny'a Hospital ; 
IBianilucr in Chemistry at the Royal College of Phystcians ; Official 
Analyst to the Home Office, With 13B Engravings, 2 Vols. 8vo, Sla, ed. 
By the same Autlior. 
A Manual of Medical Jurisprudence. 
Eleventh Edition, revised by Thomas Stevenson, M.D„ f.B,C.P. 



On Poisons, in relation to Medical Juris- 

prudenuo soil Medicine. Third Edition. With IIM Engravings. 



TJDY AND WOODMAN— A Handy-Book of 

Forensic Medicine and Toiicology. By 0. (lEWOTT Tmc, KI.B. ; sad 
W. BiTHDHsr WooiiBAii, M.D,, r.K.CP. With 8 Lithographic Plates 
and lie Wood Engravings, Sro. 31s. 6d, 
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MIDWIFEBY. 

BARNES. — Lectures on Obstetric Operations, 

including the Treatment of Heemorrhage, and forming a Guide to the 
Management of Difficult Labour. By Bobebt Babnes, M.D., F.ILC.P., 
Ck>nBUlting Obstetric Physician to St. George's Hospital. Fourth 
Edition. With 121 Engravings. 8vo, 128. 6d. 

BURTON. — Handbook of Midwifery for Mid- 
wives. By John E. Burton, M.R.C.S.,' L.B.G.P., Surgeon to the 
Liverpool Hospital for Women. Second Edition. With Engrav- 
ings. Fcap 8vo, 6s. 

GALABIN—A Manual of Midwifery. By Alfred 

Lbwis Galabin, M.A., M.D., F.B.C.P., Obstetric Physician and 
Lecturer on Midwifery, <&c., to Guy's Hospital, Examiner in Mid- 
wifery to the Conjoint Examining Board for England. With 237 
Engravings. Crown 8vo, 15s. 

RAMSBOTH AM,— The Principles and Practice 

of Obstetric Medicine and Surgery. By Franoib H. Bahsbotham, M.D., 
formerly Obstetric Physician to the London Hospital, fifth Edition. 
With 120 Plates, forming one thick handsome volume. 8vo, 22s. 

REYNOLDS. — l^otes on Midwifery: specially 

designed to assist the Student in preparing for Examination. By J. J. 
Reynolds, L.R.C.P., M.R.C.S. Second Edition. With 15 Engravings. 
Fcap. 8vo, 4s. 

ROBERTS.— The Student's Guide to the Practice 

of Midwifery. By D. Lloyd Roberts, M.D., F.R.C.P., Lecturer on 
Clinical Midwifery and Diseases of Women at Owen's College, Phy- 
sician to St. Mary's Hospital, Manchester. Third Edition. With 2 
Coloured Plates and 127 Engravings. Fcap. 8vo, 7s. 6d. 

SCHROEDER— A MsinusA of Midwifery; includ- 
ing the Pathology of Pregnancy and the Puerperal State. By Kabl 
SOHROEDER,M.D., Professor of Midwifery in the University of Erlangen. 
Translated by C. H. Carter, M.D. With Engravings. 8vo, 12s. 6d. 

SWAYNE.— Obstetric Aphorisms for the Use of 

students commencing Midwifery Practice. By Joseph G. Swaynb, 
M.D., Lecturer on Obstetric Medicine at the Bristol Medical School. 
Ninth Edition. With 17 Engravings. leap. 8vo, 3s. 6d. 
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MICROBCOPT. 
CASPENTER.—Thc Microscope and its Revela- 

tiona. Bj William B. Cahpentkb, C.B., ll.D., F.R.S. Berenth 
Edition. Edited li} Bev. Dr. Dallinoer, t'.R.S. WlUi abont COO 
EngrsvIiieB. Crown 8vo. {In Iht prtn.i 

LEK — The Microtomist's Vade-Mecum ; a 

Handbook o( the Methudu of Mlcroscaplc Annlomj'. Bj AhIhdk 
BoLLES Lee, AuiBtaat In Iha Knului LuboTutorjr of Zoologj' st 
VlUebBnchs.Biir-Mer (Nice). Secood Edition. Svo, 1E«. Od. 

MARSH. — Microscopical Section-Cutting : a 

PracticAi Guide to the PrepBration and Mannttiie o[ Sevllont tor the 
Microwope. By Dr. SylvksiBr SIabsh. Second Edition. With 
17 EngravInBi. Foap. Hvo, M. 8d. 

OPHTHALMOLO GY. 
HARTBIDGE.—The Refraction of the Eye. By 



Ilphtbalmlc Hoxpttal. Fonrtb Editiou. Witb 9S ILlustrutlonB, Teat 

HIGGENS.— Hints on Ophthalmic Out-Patient 

and LActar«r oo Opltttialmalogj' at, Guy'a Hoepltol- Tliini Edition. 

MACNAMARA.—A Manual of the Diseases of 

the Eye. By CqarlksMacnAuaiia, F.B.C.S,, Surgeon to, and Lectarer 
on Butgerj at, tbe WeBtmiMtor Hospital. Fourth EdiOon. With 
t Coloared Plates and fiS Enj^avingB. Crown Svo, lOa. ed. 

iViTTi^S////'.— The Student'sGuideto Diseases 

ot the Efe. By Edtabd HiTTLESHir. F.K.C.S., Opbthalmic Eurgeou 
to, and Lecturer dd Ophthalniic SOTgerr at, HC Thomai'e Hoqiltal. 
Fourth Edition. With KM EnsraTingi, and a Bet o( Coloured Papen 
illustrating Cotour-btindneie. Fcap. Gva, 7i. Bd. 

POLLOCK.— The Normal and Pathological 

Hiatology of the Hnman Eje and Eyalida. B7 C. Fred. Pollock, 
M.D., P.ILC.S.E., and F.K.H.E.. Sargeon for DUeaHi of the Eye, 
Anderson's College Diapenury.alaigow. With 100 Plates, rontalnlng 
£30 Oriprlnal i^rawinga by tbe Author. Lithographed in blaoli and 
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.OPHTHALMOLOQY--c(W^mM6c?. 
WOLFE. — On Diseases and Injuries of the Eye : 

a Coune of SyBtematic and Clinical Lectures to Students and Medical 
Practitioners. By JT. K. Wolfb, M.D., F.&.G.S.E., Senior Surgeon to 
the Glasgow Ophthalmic Institution, Lecturer on Ophthalmic Medicine 
and Surgery in Anderson's College. W^ith 10 Coloured Hates, and 120 
Wood Engravings, Svo, 21s. 



PATHOLOGY. 
BOWLBT.—Th^ Student's Guide to Surgical 

Pathology and Morbid Anatomy. By Anthony A. Bowlby, F.K.C.S., 
Surgical Kegistrar and Demonstrator of Practical Surgery and Sur. 
gical Pathol(^7 at St. Bartholomew's Hospital. Second Edition. 
With 158 Engravings. Fcap. Svo, 9s. 

JONES AND SIEVEKING.—A Manual of Patho- 
logical Anatomy. By C. Hanpfield Jones, M.B., F.R.S., and Snt 
Edwabd H. SlEYEKiNO, M.D., F.B.C.P. Second Edition. Edited, with 
considerable enlargement, by J. F. Paynb, M.B., Physician to, and 
Lecturer on Pathological Anatomy at, St. Thomas's Hospital. With 
196 Engravings. Crown Svo, 16s. 

LANCEREAUX.—AtlsiS of Pathological Ana- 
tomy. By Dr. Lanoebbaux. Translated by W. S. Oreenfibij), M.D., 
Professor of Pathology in the University of Edinburgh. With 
70 Coloured Plates. Imperial Svo, £5 6s. 

MOORE, — Pathological Anatomy of Diseases, 

arranged according to the Nomenclature of Diseases of the R.C.P. 
Lond. By Nokman Moore, M.D., Assistant Physician and Lecturer 
on Pathological Anatomy to St. Bartholomew's Hospital. With 
110 Illustrations. Fcap. Svo, 8s. 6d. 

SUTTON — An Introduction to General 

Pathology. By John Bland Sutton, F.B.C.S., Sir E. Wilson 
Lecturer on Pathol(^^, B.C.S. ; Assistant Surgeon to, and Lecturer on 
Anatomy at, Middlesex Hospital. With 149 Engravings. Svo, Us. 

WYNTER AND WETHERED,—A Manual of 

Clinical and Practical Pathology. By W. Essex Wynter, M.D., 
Medical Registrar and late Demonstrator of Anatomy and Chemistry 
at the Middlesex Hospital; and Frank J. Wethbrbd, M.D., 
Assistant Physician to the City of London Hospital for Diseases of 
the Chest. With 4 Coloured Plates and 67 other Illustrations, Svo, 
12s. 6d. 
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PHYSIOLOGY. 

Cil/^P^iV^TJ^i?.— Principles of Human Physio- 
logy. By William B. Caspbnteb, C.B., M.D., 7.B.3. Ninth Edition. 
Edited by Henry Power, M.B., F.K.G.S. With 8 Steel Plates and 
877 Wood Engravings. Svo, 81s. 6d. 

DALTON.—A Treatise on Human Physiology : 

designed for the use of Students and Practitioners of Medicine. By 
John G. Dalton, M.D., Professor of Physiology and Hygiene in the 
College of Physicians and Burgeons, New York. Seventh Edition. 
With 252 Engravings. Boyal Svo, 20s. 

FRET.— The Histology and Histo-Chemistry of 

Man. A Treatise on the Elements of Composition and Structure of the 
Human Body. By Heinrioh Fret, Professor of Medicine in Zurich. 
Translated by Arthur E. Barker, Surgeon to the University College 
Hospital. With 608 Engravings. Svo, 2l8. 

SANDERSON.— HsLTidbook for the Physiological 

Laboratory : containing an Exposition of the fundamental facts of the 
Science, with explicit Directions for their demonstration. By J. 
BuRDON Sanderson, M.D., F.B.S.; E. Klein, M.D., F.B..S.; Michael 
Foster, M.D., F.B.S., and T. Lauder Brunton, M.D., F.B.S. 2 Vols., 
with 123 Plates. Svo, 24s. 

SHORE. — Elementary Practical Biology. Vege- 
table. By Thomas W. Shore, M.D., B.Sc. Lond., Lecturer on 
Comparative Anatomy at St. Barliiolomew's Hospital. Svo, Gs. 

YEO. — A Manual of Physiology for the Use of 

Junior students of Medicine. By Gerald F. Tso, M.D., F.ILC.S., 
F.R.S., late Professor of Physiology in King's College, London. Second 
Edition. With 81S Engravings (many figures). Crown Svo, lis. 



PSYCHOLOGY. 

BUGKNILL AND TUKE.—A Manual of Psycho- 
logical Medicine : containing the Lunacy Laws, Nosology, etiology, 
Statistics, Description, Diagnosis, Pathology, and Treatment of Irisani^, 
with an Appendix of Cases. By John C. Buoknill, M.D. F.K.S., 
and D. Hack Tuke, M.D., F.B.C.P. Fourth Edition with 12 Plates 
(30 Figures). Svo, 25s. 

CLOUSTON — Clinical Lectures on Mental 

Diseases. By Thomas S. Clouston, M.D., and F.B.C.P. Edin.; Lec- 
turer on Mental Diseases in the University of Edinburgh. Second 
Edition. With 8 Plates (6 Coloured). Crown Svo, 12s. 6d. 
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SURGERY. 
BELLAMY,— Th^ Student's Guide to Surgical 

Anatomy; an Introduction to Operative Surgery. By Edwabd 
Bellamy, F.B.C.S., Surgeon to, and Lecturer on Surgery at. Charing 
Cross HospitaL Third Edition. With 80 Engravings. Fcap. 8vo, 
78. 6d. 

BRYANT.— A Manual for the Practice of 

Surgery. By Thomas Bryant, F.B..C.S., Consulting Surgeon to Guy's 
HospitaL Fourth Edition. With 750 Illustrations (many being 
coloured), and including 6 Chromo-Lithographic Plates. 2 Vols. 
Crown 8vo, 32s. 

DRUITT AND fiOFD.— Druitt's Surgeon's Vade- 

Mecum ; a Manual of Modem Surgery. Edited by Stanley Boyd, 
M.B., B.S. Lond., F.'K.C.S., Assistant Sui^eon and Pathologist to the 
Charing Cross Hospital. Twelfth Edition. With 373 Engravings. 
Crown 8vo, 16s. 

HEATH. — A Manual of Minor Surgery and 

Bandaging. By Christophbr Heath, F.R.C.S., Holme Professor of 
Clinical Surgery in University College and Surgeon to the Hospital. 
Ninth Edition. With 146 Engravings. Fcap. 8vo, 6s. 

By the same Author. 

A Course of Operative Surgery : with 

Twenty Plates (contaitiing many figures) drawn from Nature by 
M. L^ElLLi, and Coloured. Second Edition. Large 8vo, 30s. 

ALSO, 

The Student's Guide to Surgical Diag- 
nosis. Second Edition. Fcap. 8vo, 6s. 6d. 

JACOBSON— The Operations of Surgery: in- 
tended especially for the use of those recently appointed on a Hospital 
Staff, and for those preparing for the Higher Examinations. By 
W. H. A. JACOBSON, M.A., M.B., M.Ch. Oxon., F.R.C.S., Assistant 
Surgeon to Guy's Hospital, and Lecturer on Anatomy in the Medical 
School. With 199 Engravings. 8vo, 30s. 
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SOUTH AM. — Regional Surgery : including Sur- 
gical Diagnosis. A Manual for the use of Students. Bt Frbderiok 
A. SOUTHAH, M.A., M.B. Oxon., F.KQ.S., Assistant-Surgeon to the 
B^yal Infirmary, and Assistant-Lecturer on Surgery in the Owen's 
College School of Medicine, Manchester. Vol. 2. The Upper Ex- 
tremity and Thorax. Crown 8vo, 78. 6d. Vol. 3. The Abdomen and 
Lower Extremity. Crown 8vo, Ts. 

WALSHAM. — Surgery : its Theory and Practice 

(Student's Guide Series). By William J. Walsham, F.R.C.S., 
Assistant Surgeon to, and Lecturer on Anatomy at, St. Bartholomew's 
Hospital. Second Edition. With 294 Engravings. Fcap. Svo, lOs. 6d. 



TERMINOLOGY. 

MAXWELL. — Terminologia Medica Polyglotta : 

a Concise International Dictionary of Medical Terms (French, 
Latin, English, Grerman, Italian, Spanish, and Russian). By Theodore 
Maxwell, M.D., B.Sc. Lond., F.R.C.S. Edin. Roy. 8vo, les. 

MAYNE. — A Medical Vocabulary: being an 

Explanation of all Terms and Phrases used in the various Departments 
of Medical Science and Practice, giving their Derivation, Meaning, 
Application, and Pronunciation. By R. 6. Matne, M.D., LL.D. Sixth 
Edition, by W. W. Wagstappb, B.A., F.R.C.S. Crown 8vo, 10s. ed. 

TREVES AND LANG.—A German-English Dic- 
tionary of Medical Terms. By Frederick Treves, F.R.C.S., Sur- 
geon to the London Hospital, and Hugo Lang, B.A. Half-bound in 
calf, 128. 



WOMEir, DISEASES OF. 
BARNES.— A Clinical History of the Medical 

and Surgical Diseases of Women. By Robert Barnes, M.D., F.R.C.P., 
Obstetric Physician to, and Lecturer on Diseases of Women, Ac, at, St. 
George's Hospital. Second Edition. With 181 Engravings. 8vo, 288. 

DUNCAN. — Clinical Lectures on the Diseases 

of Women. By J. Matthews Ddncau, A.M., M.D., LL.D., F.R.C.P.V 
F.R.S., Phyf ician Accoucheur to, and Lecturer on Midwifery at, St. 
Bartholomew's Hospital. Fourth Edition. 8vo, 16s. 
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GALABIN.— The Student's Guide to the Dis- 
eases of women. By Alpbed L. Galabin, M.D., F.R.C.P., Obstetric 
Physician to Guy's Hospital, Examiner in Obstetric Medicine to the 
University of Cambridge, and to the R. C. P. Lond. Fourth Edition. 
With 94 Engravings. Fcap. 8vo, 7s. 6d. 

REYNOLDS. — Notes on Diseases of Women. 

Specially designed to assist the Student in preparing for Examination. 
By J. J. Ebynolds, L.R.C.P., M.R.C.S. Third Edition. Fcap. 8vo, 
2s. 6d. 

SAVAGE.— The Surgery of the Female Pelvic 

Organs. By Henry Savaoe, M.D., Lond., F.R.C.S., one of the Con- 
sulting Medical Officers of the Samaritan Hospital for Women. Fifth 
Edition, with 17 Lithographic Plates (15 Coloured), and 62 Woodcuts. 
Boyal 4to, 35s. 

WEST AND DUNCAN— l^ectures on the Dis- 
eases of Women. By Charles West, M.D., F.R.C.P. Fourth 
Edition. Revised and in part re- written by the Author, with numerous 
additions by J. Matthews Duncan, M.D., F.R.C.P., F.R.S., 
Obstetric Physician to St. Bartholomew's Hospital. 8vo, 16s. 



ZOOLOGY. 

CHAUVEAU AND FLEMING.— The Compara- 

tive Anatomy of the Domesticated Animals. By A. Chauveau, 
Professor at the Lyons Veterinary School; and George Fleming, 
Principal Veterinary Surgeon of the Army. With 450 Engravings. 
31s. 6d. 

HUXLEY.— yisinusil of the Anatomy of Inverte- 

brated Animals. By Thomas H. Huxley, LL.D., F.R.S. With 156 
Engravings. Post 8vo, 16s. 

By the same Author. 

Manual of the Anatomy of Vertebrated 

Animals. With 110 Engravings. Post 8vo, 12s. 

WILSON— The Student's Guide to Zoology: 

a Manual of the Principles of Zoological Science. By Andrew Wilson, 
Lecturer on Natural History, Edinburgh. With Engravings. Fcap. 
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